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^problems for the components.  The governing equation for the steady 
perturbation potential is the usual nonlinear transonic potential 
equation and it is solved in computer program TDSTRN using the 
mixed differencing relaxation procedure of Murman and Cole.  The 
governing equation for the unsteady perturbation potential is 
linear and, for the harmonic boundary disturbance considered, of 
mixed elliptic hyperbolic type depending on the local nature of 
the steady potential.  Using a steady solution previously generated 
by TDSTRN computer program TDUTRN solves the unsteady potential 
equation by the same relaxation procedure.  The solution procedures 
are found to be quite efficient, permitting the calculation of 
unsteady aerodynamic forces to engineering accuracy in a few minute! i 
on a CDC 6600 computer. 
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FOREWORD 

This computer program User's Manual was prepared by 
the Los Angeles Division of Science Applications, 
Incorporated, for the Vehicle Dynamics Division of the 
Air Force Flight Dynamics Laboratory, Wright-Patterson 
Air Force Base, Ohio.  The computer programs were 
developed under Project 1370, "Dynamic Problems in 
Flight Vehicles", Task 137004, "Design Analysis", 
Contract F33615-74-C-3094.  James J. Olsen and later 
Lt. William L. Holman (AFFDL/FYS) were the Air Force 
Task Engineers. 

R. M. Traci was the principal investigator for 
the study and J. L. Farr, Jr., developed the computer 
programs described in this report.  Consultant E. D. Albano 
contributed to the development and implementation of 
the numerical method. 

The authors submitted this report in July 1975 
for publication as an AFFDL technical report. 

Other reports prepared and submitted under the      x 
aforementioned contract are:  AFFDL-TR-74-37, "Small 
Disturbance Transonic Flows about Oscillating Airfoils," 
AFFDL-TR-74-135, "Computer Programs for Calculating 
Small Disturbance Transonic Flows about Oscillating 
Airfoils," AFFDL-TR-75-100, "Small Disturbance Transonic 
Flows about Oscillating Airfoils and Planar Wings." 

-iii- 

— ■ •-—■ -- — «- 



TABLE OF CONTENTS 

1.0    INTRODUCTION 

Page 

1 

2.0    SMALL PERTURBATION THEORY FOR UNSTEADY 
TRANSONIC FLOW 

3.0    NUMERICAL SOLUTION METHOD 

3.1 Finite Difference Solution 
Method 

3.2 Steady and Unsteady Farfield 
Precriptions 

7 

8 

11 

4.0    PROGRAM DESCRIPTIONS 

5.0    INPUT AND OUTPUT 

17 

21 

5.1 TDSTRN Input 

5.2 TDSTRN Output 

5.3 TDUTRN Input 

5.4 TDUTRN Output 

21 

25 

27 

30 

6.0    PROGRAM USAGE 

7.0    SAMPLE CASES 

32 

33 

7.1   TDSTRN Test Case 

7.1.1 Input for TDSTRN Sample 
Cases 

7.1.2 Sample Output for TDSTRN 
Test Case 

33 

34 

36 

-iv- 



TABLE  OF  CONTENTS      (Cont'd) 

7.2 TDUTRN  Test  Cases 

7.2.1 Input   for  TDUTRN  Test 
Cases 

7.2.2 Sample  Output   for  TDUTRN 
Test Cases 

Page 

45 

46 

50 

8.0    REFERENCES 

APPENDIX A:   FORTRAN LISTING OF TDSTRN 

APPENDIX B:   FORTRAN LISTING OF TDUTRN 

61 

62 

80 

-v- 



LIST OF ILLUSTRATIONS 

Page 

FIGURE 1      SCHEMATIC OF THREE-DIMENSIONAL 2 
PLANAR WING 

FIGURE 2      SCHEMATIC OF NUMERICAL SOLUTION 8 
DOMAIN 

FIGURE 3      SCHEMATIC OF DIFFERENCE SCHEME 9 

FIGURE 4      COORDINATE DEFINITION |i 

-vi- 



J•0  INTRODUCTION 

^-eady transonic flow about thin^f^ ^^-d^ensional un- 
hwjonie oscillation.  The theorv^T Win9S undergoing 
a linear system can be obLinld bv * n^f 0n the fact ^at 
flow as a small perturbatio^ ?o tL n" lder'ng the steady 
ihe perturbation expansion aonroanh "on-uniforin mean flow, 
developed with different L^?1? has recently been 
by the present aithorr'-T?^^. " independent stuSies 
th°n^0f the theory «nd numeral sofn^ ■  Detail«d descrip- 
tho three-dimensional version o?\HUtl0n method used in 
in the users manual, are presentJ  P^rams' documented 
method is a generali2a"oS ol ?hat t Re***e™e*  1-3.  The 
dimensional airfoils in Referent n deSfribed for two- 
programs documented in ReferenceV ^ 0Lthe 2-D computer 
the present phase of reslarcn" Lf' -^  final rePort of 
and presents some illustrative rlsSlts6' ^ ^^"^"tion 

perturLtio^^t^^^j^-P-^- aPP-ach used, the 
increasing powers of * B™-?I   1S

 
exPanded in a series of 

of the am^lLudfofan un^eagv^?^'6^1^ is a ^a^e 
The resulting expansion of ?hfy difturbance to the boundary 
results in a sequence Sf parJLrdil?^ KJ^f"*1 ^uaJlon^ 
the perturbation potentials  ?Lief!ntlal e(3uations for 
the usual nonlinear steady Hansonf^J 0rder e^*tion is 
mixed elliptic/hyperbo!?cytypran3^POt?ntial e(i^ion  of 
the mxxed differencing, relaxet?nn " SOiVed in TDSTRN "sing 
Cole5.  The first ordlr  uns^ni " Procedure of Murman and 
and for harmonic boundlrv df!? yKPOtential ^^ation i8 linear 
elliptic/hyperbolic ?ypey din-n^068 li alS0 of the mi Jed 
It is solved in ToS^^ina^hf 2! UPOn the 8teady solution, 
used in TDSTRN. Xn9 the same numerical technique as 

tion arl discussed^n^he^ol?^6 comPuter Program opera- 
turbation theory and numlricaJ so^?6^10"8*  The small Per- 
summarized in Sections 2 S and l0l

n
Utxon  Procedure are 

tion of the Program^logJcaJ oo;r^fe8PeC^Vely-  A descrip- 
description are given in Section In10" and a hrie{  subroutine 
complete descripLoro^the proSra.;0;« Ü"*^ 5-0 Presets^ 
values for various control variahfl"^' ?ith  «^^sted 
Section 6.0 describes the proarfm n!' and ?*  Program output, 
tions for making effective uslo? thf96 and include8 sugges-' 
which exercise all prooram «Sfüf the Programs.  Sample cases 
7.0 with a compleiePsplcmc^tion8o?ra

eir?8ented in Motion" 
output.  Finally, complete FORip^f^ input and sainple 
TDUTRN are presented ?n the app^i^8^"98 of ^TRN Ld 

-1- 



2.0 
SMALL PERT™— ™E0RV POH UNSTEADY TRANS0Nic FLOW 

tant la the transonic ^Llra^f beC°n,e inc«asi 
eral theory includinq thlnncf 9^ ln reoent V63" 
"=ed i„ this work is SumLr?^

adY smaal P"turba 
numerioal soiutlon LtSs fn^i" thls s«"°n. 
are described in Seotio° 3 n       ^e.steady «nd uns 

STRN and TDUTRN «• ^"«iPttve o^L'phyMca" 

analytical 
ngly impor- 

The gen- 
tion approach 
The required 

teady systems 
following 
used in 
variables. 

1 

«,.u 

F«««  1.     SCHEMAT.C  0F   T„REE-DIMENSI0NAL pLANAR  WING 

(two-dilensi^aJro^'ola^T" " the fl°" ^"t an airfoil 
lating „ith various f^exibL"^9    ^«-diwnsiona?)  osc?l- 

fieldheschranS:niC ="-" "n^e.     The'alr^fr de'reeS °f  "eedon, rield schematic and coordinate H«?,-     ffo11  9*mtXft   fiow- 
foU^f;. • Recta^ular coorSinltfr x'v^? ?* fVen  in F^re 
lrt\l  a^lng ed9e with origin at%ho'y')   are fixed  ^  the air- 
are  the  freestream velocity    M^H U

1
"
9
 
root an* »i   M   ,   a 

spectxvely.     The airfoU  hL a  Si^^" and SOUnd  ■P^T rfc 
attiZi1 maXimUm thi^ness dLideS bv ?fS rJtio 6'  which  ^ the 
?ha?  L^^V  semi-span b   (ZSPAN)   y JS !h0rd C'  and angle Si 
that  6«i and  a is of the same ord^r o?    assumPtion is made e order of magnitude as  6. 

-2- 
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Also,   the oscillatory motion of  the airfoil  is assumed to be 
described  by a  small  non-dimensional displacement e<<6   and 
a  reduced  frequency k^wc/U  based on airfoil  chord where H   is 
the   frequency of oscillation. 

Assuming  inviscid,   isentropic  flow,   the problem can 
be  reduced to the  solution of  a  single equation  for  a velo- 
city potential plus  the  tangency boundary condition on  the 
airfoil   surface.     As  is well  known,   the derivation of  a  small 
disturbance theory for transonic  flows requires a  singular 
perturbation approach.     The   following scaling  is  thereby 
introduced: 

* - |» y - IdnWCl      |     z = [(I+Y)6^I      | 

, 2/3 (i) 

t =    g t 
00 

and  the  total potential  is  expanded about the uniform flow: 

'/3 

4, = Uc^ + J—^_     >(5ft5#5M) ♦ ... (2) 
1(1+Y)M2I 

Retaining all terms of leading order in to total potential 
equation and boundary conditions results in the following 
form for the unsteady small disturbance system. 

x xx   yy    zz    xt  B  tt (3) 

where  the  transonic similarity parameters are: 

(1-M2) Hi to' 00 
K  ■   7- Q  =    

KH-Y^M!.]^
3 [(1+Y)6M2] 

-3- 



with boundary  conditi ons 

,1» % % 

(4) 

on y =   • 0      j 0 < x i 1 

0  5   Z   -   fa 

r            T 

^+»jj =   0,   on   y=0   . Sf»! 
- 05^ 

(5) 

x 9'^   +   # 0  as  5<?+^+^? 
(6) 

U' 
on tS: S^'^J^!»«*«  t^-ti- 

where  f 

(7)   below)   on  the  u^rand'i^er1'^136   fUnCtion   Equation 
where []    denotes a  jump S thTSLSfS0*-  resP^tively,   and 
and  0+.     it   is  noted that  th^.?^0fed ^uantity between  y=0- 
tion   (Equation   4)   and the Kutt-f^ •.tangency ^"dary condi- 
applied  in  the  s.aU  dL^u^^^^r^n V^O^^  5)^^ 

the  uns 
include 
system 
quency 
TDUTRN 
general 
at  the 

teld^rfo?! To^tTVlL^n^3  *   *£**** of 
s  flowfields with shocks      Lr^       2ear don,aln'  which 

are  underlined as khSS L.   ^ertain  terms  in the above 
1^0(6^3,^^ ^hey may be omitted  for a  low fre- 

includes  the   loi freauenr; *** present  version of 
frequency  foiSlffl2nSpÄ?«>^J«|   ^^0)   or 

discretion of the user. U^PT  :L)   and either can be used 

linear sy^teTg^n  a^^^Uons   fölf1^ the — 
turbation potential   func^io^in  terl     ^.i8  t0 expand the P^- 
disturbance  c«l.     From ^ J^.«-. ^^^^-f-dy^boundary 

-4- 
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dropped with the understanding that all variables are scaled 
trea^edt5*  Harm0nic bo^dary disturbances are explicitly 

f(x,2,t) ■ f (xf2) + efixfz) IQt 
o    "e - (7) 

and  the perturbation potential   is expanded as  follows: 

<Mx,y,z,t)   = ({.0(x,y,2)   *  c #> («,y,l)«10t ♦   ... (8) 

Substituting this into the perturbation potential equation plus 
boundary conditions and combining terms results in the follow- 
ing Pair of boundary value problems for 0° and 01 respectively. 
(In the following text, the superscript has been dropped from 

and 

X  XX   ^yy   T 
o 
zz 

f;(x,2),  on y = ± 0 |0 ^ x ^ 1 
10 i z i b 

!♦'] =0,  on y « 0 !x > 1 

0 < z < 

„2       2 2 
(♦'I ♦!♦*) +(♦») - 0  as x2+y2+z2 * 

(9) 

^"♦i^xx^yy^zz "(02in,^ + Mi = 0 

♦y « f*^iltfcl       ony=i0    lO^xil 
  I 0 i z  i b 

^x + i£iJ   -  0'     on y » 0 
(x >  1 

(0 «i z £  b 

(10) 

(♦J   ♦(♦v)   +(4'_)   -»  0,     as x2+y2+z2-« 

-5- 



System 9 is recognized as the usual formulation for steady 
transonic flow and system 10 is the formulation for the un- 
steady perturbation thereof.  It is noted that the governing 
equation for <t>   is linear but of the same mixed elliptic/ 
hyperbolic type as the steady solution.  It is also noted 
that 4) is in general complex thereby permitting phase shifts 
between field quantities and the boundary disturbance.  As 
before, underlined terms in system 10 are neglected for a 
consistent low frequency approximation.  Also for two dimen- 
sional airfoil sections, the z dependence on all quantities 
and the A   terms in the equations are neglected, zz 

The main physical quantities of interest are the pres- 
sure coefficient and airfoil force coefficients.  The pressure 
coefficient, defined in the usual manner, is given by: 

2/3 

c = 
p 

l(l*Y)Mil 
1/3 (CP + ^P61"^ 

(ID 

where the steady and unsteady scaled pressure coefficients are 
given to leading order in the small disturbance approximation 
by: 

C° - -2^, Cp ■ -2Ux + iki) (12) 

The formulations of the boundary value problems are 
essentially complete with the exception of the practical matter 
of setting the boundary conditions away from the airfoil, which 
depends on the particular problem; subsonic or supersonic free 
field, wind tunnel wall etc.  Asymptotic far field solutions 
to Equations 10 have been developed for two-dimensional sub- 
sonic or supersonic free air or wind tunnel flows and for three 
dimensional subsonic flow.  These solutions are described in 
the present three-dimensional subsonic free air version of the 
computer programs. 

-6- 



3.0  NUMERICAL SOLUTION METHOD 

developed by Murman, Cole and Krup^''  Th^   02 Procedure 

method for general lif^in^ !? i •,' ^' 1f Patterned after the general lifting airfoils developed by Kruppf' 

soLtions to th^6 ?PertUrbation Potentials? Asymptotic 
liftiia !inL   governing equations have been derived for 
tie sJlaSi lloi" ^8Hni^free-Streain flow ^ Klunker', for 
perturbation  ™f2f *^  present authors for the unsteady perturbation.  These solutions are summarized in Section ^ ? 

tion par.llel the steady method and the« SWdKSSS: 

-7- 
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3,1   Finite Difference jolutj on Method 

j^JM 
i=IM 

x,i 

wake 

k=KM 

FIGURE 2. SCHEMATIC OF NUMERICAL SOLUTION DOMAIN 

^ •tm^iSSiJn^^^^.S^ constitutes the 
previously described in de^?? ?n SS ^^^ensional method 
matically in Figure 2, a cubic r^?!ferfnce 1'     ^ shown sche- 
extent with uneven grid Une so^fno"^1" mf8h of finite 
solution space. Tht  arirf ?! sPacinq is overlayed on the 3-D 
expanded oSt to  to tS'i&ffi™?**™  ^ the f4^" « 
difference equations are idenUcal te fh! 9rid-  The finite 
dimensional versions1'2 with the LH?^   cor"sponding two- 
ence form for i ' giVen by-     ^ition of a centered differ- 

-8- 



zz . 
A*k 

(^:Mc+i - ♦4,j,kJ 

(13) 

Az (<t>. . - <t>. k-1   i'J'k   *i#j,k-l 

»-♦«>M,it>« (K-Oi/j,k<o 

FIGURE 3. SCHEMATIC OF DIFFERENCE SCHEME 

is shoJhLSt\tca\i?y
n\^%t^ur

fr3tl;Lthree;Kdimen8ional «*— 
elliptic on hypsrboUc nature of ^hf Ve-.The test8 for «M 
centered diff4?ence form of^K-fof ****£*£*  "?«• on ^he 
value of this coefficient the xVM^' 

and 5ePending on the 
or backward differenced as in LJ» * 5fV*- 0f * are «entered 
point operator is SSdl» JSKTI 2"D Ca8e-  A Parabolic 
and a shock poinl  opIratSr^s used K^fi ;nd.UnSteady 8ch*™* 
scheme for the steady po?entLJ       e finite diffe"nce 

for m^JSS^'iJ^J^St  difference equations are set up 
the SSoU:Trti A fSlS!^ l! turn' taking «"ount of 
steady solution th?s results ?n^Und;ry.COndition8-  In the 

for the column of^VÄ^e" so^dV^r^Ii^^008 

-9- 
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nated „hen  the difference  be^eSTs™  ^  fSSS.1?.*?^" 
than an arbitrary  small  amount   (usualiy   iJV     As  !n   the  2  n 
tSL  ^"r^  i' TaM'- achleved  L  three or  four   itera- tions.     In  the  unsteady solution  it   is  recalled   th,f   ^.T 
equat.on   U  linear  so  that no column  UeraUon'is're^red. 

After each  column  is  solved,   it   i«?  rei^v^n  ..   • 

hyperbol?c poTn^s       Tte coJum^ioJutior1"5  *"* " %   •"   t0r 

for each column  in  turn  swee^nu   the ori^ f6", i  ^"»f*? 

In  rlhe^t^ ^3  5^   'T^VlTrAlll   % l^ 
sweep  is  less  than  some arbitrary  small  amount. 

the  solution processf 1S  Updated Periodically during 

in  ^hIh?  solxxtiou Process  summarized above  has worked well 
la  the  few cases  calculated  to date.     Convergence     for  !n 

described previously  for STRANS  and UTRANS   in  Reflren^ J! 

-10- 
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3. 2   Steady and Unsteady Far field Prescript, ions^ 

i 

■*- x,e 
ZSPAN 

c = l 

z,n 

FIGURE 4. COORDINATE DEFINITION 

The development of three-dimensional subsonic farfield 
approximations for the steady and unsteady perturbation poten- 
tials proceeds in the same manner as described in previous 
work for the two-dimensional flow.  As before the method 
involves the approximation of various integrals over the wing 
and wake which result from the application of Green's theorem 
to the appropriate partial differential equation.  Klunker7 

has used the method to develop asymptotic solutions for the 
three-dimensional steady flow and his result in the followinq 
form is used: 

-11- 



t|,(x,y,g}« x 
ZSPAN 

/   / t(^,n)d^dn 
ZSPAN 

41 (y: 

ZSPAN 

Haj     R   J        Y(n)dn 
-ZSPAN 

for 
y2+z2 * 

X ♦ -no 

(14) 

y 
27 

ZSPAN 

/" Y(n)   , J —*  dn 
-ZSPAN (z-n)2+y2 

for x -* + " 

where R = I (x2+K(y2 + z2) i ^ ttt   n%    ■     kt. 
tributlon ana r,nj i3 ^'s^Lli^^^Ln^f^^^Ion, 

steady Pe^urA^tlnUaV^C^K80111"0" for the — 
and is now described in sou df?in  ^e Tethod of »«*« 
the unsteady ^»rt.^"?*^}-„^t^LrS^tS 

LU] I KA  + 4  + 
xx T Vy  f»i " 2i"*x ♦ kn* 

x ^x'x 

(15) 

shock conditions JesuJts in the^onX COndition« S weak for 0: ulT:s ln the following integral equation 

i 
-12- 



// 
wing 

c 

+ 

SPAN 
*c    .-"«^Uw, (16) 

wake  integral 

00 

///■ ill HUU *c dCdndc 

where ij; is the source solution to L[4'J ■ 0: 

*( x,y,z;C,^n)   = JL e Mi   l»-C 
w 

1 " ^" 

where 

"•VMM 
(x-U2+K[(y-o2M2-n)2] 

(17) 

The use of the source function i|/ m Equation 16, neglecting the 
volume integral as a higher order term, and after considerable 
manipulation and approximation (as x2+y2+22^») of the various 
integrals results in the following farfield solution: 

-13- 
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♦ff(x,y,z) & SüiR)   ^l« 
4      IT  e    v 

ZSPAN 

-ZSPAN0 
dn 

ZSPAN 

[Gi(x,y,2;n)+G2(x,y/2;n)] /    Y(n)dn 
n=0 
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and c ■ 0.372 with b defined in the table. 

V bv 

1.0 

-0.2418 6198 

2.7918 027 

-24.9910 79 

111.5919 6 

-271.4354 9 

305.7528 8 

41.1836 30 

-545.9853 7 

-644.7815 5 

-328.7275 5 

11 64.2795 11 
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4.0  PROb/vAi-i DESCRIPTIONS 

Computer programs TDSTRN and TDUTRN, used in conjunc- 
tion, implement the theory and numerical solution procedure 
for unsteady transonic flow described in the previous two 
sections.  As described above, the boundary value problems 
for the steady perturbation potential (Equation 9) and the 
unsteady perturbation potential (Equation 10) are solved in 
TDSTRN and TDUTRN respectively using a finite difference 
relaxation procedure.  The use and manipulation of magnetic 
tapes forms an integral part of the operation of each pro- 
gram as well as serving as the necessary "data link" between 
the two programs.  As a result the user is assumed to have 
some familiarity with the use of tapes and their manipulation 
with control cards.  The reading and writing of data files on 
magnetic tape is described in the next section and motivated 
in Section 6.0.  In this section, the logical flow of the 
TDSTRN and TDUTRN programs is described and a brief summary 
of each subroutine is presented.  Both programs are quite 
similar in logical approach and operation, so that they are 
described together.  Differences between the programs are high- 
lighted with appropriate comments as needed. 

The logical flow of the TDSTRN and TDUTRN programs are 
almost identical with minor exceptions noted in the description 
below.  The calculation is begun by reading card input and, it 
a restart is being performed, a tape dump.  In TDUTRN the tape 
dump of the steady solution being perturbed is also read. hLl 
finite difference coefficients and airfoil boundary conditions 
are initialized in a call to INITAL and subsonic farfield 
quantities are initialized in a call to FARFLD.  If a restart 
is not being performed, initial values for * at all grid points 
are determined by the linearized subsonic or supersonic solu- 
tion.  The computational cycle is executed by setting up the 
tridiagonal equations for a column of grid points using tne 
mixed differencing finite difference equations.  «* •flg™?» 
are solved iteratively in TDSTRN and in one pass m TDUTRN, by 
Gaussian elimination in a call to TRI.  Each column is solved 
and relaxed in turn preceding through the grid from le£t to 
right.  The grid is swept iteratively in this manner until the 
change in i for all grid points is less than EPSGRD(l).  A call 
to PRINT prints out the airfoil pressure coefficients every 
NPRINT iterations, and the farfield is updated every NGFF 
iterations, in FARFLD. 
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When the converged solution is obtained, a tape dump 
of all relevant input and calculated quantities is performed 
and a call to FPRINT calculates and prints out the airfoi] 
pressure and force coefficients.  Various diagnostic prints 
are also performed in TDSTRN and TDUTRN after every grid 
iteration, when the farfield is updated, when the grid is 
refined and when a tape dump is performed.  The iterative 
procedure may also be terminated when the maximum number of 
iterations (NGRID) has been exceeded.  In either case, a 
final tape dump and final print are executed. 

A summary of each subroutine is now presented. 

TDSTRN/TDUTRN 

These are the driver routines for the respective pro- 
grams.  The logical flow of the mixed differencing relaxation 
procedure as just described is controlled by these routines 
and all operations including input, initialization, finite 
difference solution and output are performed either inter- 
nally or by calls to the various subroutines described below. 

D0UBLE 

(Not in present version). 

FARFLD 

The subsonic farfield is calculated and updated in this 
routine using the asymptotic solutions for the steady or un- 
steady perturbation potentials. 

FLP (in TDSTRN only) 

This is a function statement which contains the airfoil 
lower surface slope distribution used in the linearized tan- 
gency boundary condition.  This function is called from sub- 
routine INITAL and its value at each grid point on the lower 
surface of the airfoil is stored in the FPL array. 
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FPRINT 

This routine produces the final print and is called 
when the solution has converqed to the desired accuracy or 
when the problem is terminated for reaching the maximum num- 
ber of grid iterations allowed (NGRID).  The unsealed pres- 
sure coefficients above and below the airfoil at various 
specified spanwise stations and the airfoil force coefficients 
are also calculated and printed out in this routine. 

FPU (in TDSTRN only) 

This is a function statement which contains the airfoil 
upper surface slope distribution used in the linearized tan- 
gency boundary condition.  This function is called from sub- 
routine INITAL and its value at each grid point on the upper 
surface of the airfoil is stored in the FPU array.  The 
doublet strength due to airfoil thickness (D0UB) must also 
be given in this subroutine.  This quantity is defined by an 
integral of the airfoil thickness distribution function 
(normalized to airfoil thickness): 

D0UB 

+ZSPAN  1 

■/ / 
t(^,n)d^dn 

-ZSPAN 

GAMFUN 

This routine performs the relaxation to update farfield 
circulation (GAMFF). 

INITAL 

The finite difference coefficients AXl, AX2, BXl, BX2, 
CX, AY1, AY2, AZ1, AZ2, AX(DX)f AY(DY) and AZ(DZ) are computed 
in this subroutine.  The airfoil boundary conditions FPU and 
FPL are also set here, using functions FUP and FLP respectively. 

PRINT 

This routine computes and prints the scaled pressure 
coefficients above and below the airfoil every NPRINT grid 
iterations. 
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TRI 

This routine solves a system of tridiaqonal equations 
using Gaussian elimination. 

VAKE 

This routine solves an integral used in the unsteady 
farfield solution based on a rational approximation for the 
integrand. 
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5.0    INPUT AND OUTPUT 

TDUTRN,Aan|SthePre3"m„ghoutpSttofeqUlHed t0 rUn TDSTRN — 
in this section.  All c2?d incut ?f ü? Pf°9"m is presented 

CDC NAMELIST pacKage wiJ^the^e^c^t^n^ra^^fe^M^"'
33^ 

5.1 TDSTRN Input 

^OOm^^^^^^l^O^JM^  in three sets, 
iables which control ?he numeral 0rKSOme 0f th,i inPut ^ar- 
theses.  Also presented atThf^ f^'   appear in Paren- 
description ofPthe Jes^art caLh ??f SS- Section is a 

fro. a ^netic SU^'JT^Sj^JäoSSSS! inPUt 

First Set 

1 through^o'^For^t^MS^^Th?/^ ^^^n in columns 
case being run andis pri.Ld onf .^ ^Sed to define *** 
which presents the ti^SS^^** ™G  0f °^ 
Second Set 

ScmTUL^rtT^tUttS je
8
ad

r"d
f
in "-« "«»"ST name 

restart option.     Some no^o„*.      d defines the use of the 
the use S SS; oSn-rS^aTtSe^^^^^. 

NAME 

I TAPE 
DESCRIPTION 
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Third Set 

The third set of data is read in under NAMELIST name 
$IN, and includes all of the variables required to define a 
problem, and control the numerical iteration procedure. 

NAME DESCRIPTION 

IM 

JM 

KM 

ILE 

ITE 

JW 

KSPAN 

ZSPAN 

M8 

GAM 

DEL 

ALPHA 

GAMFF 

NGFF 

An Array containing the streamwise grid coordi- 
nates; IM of them 

An array containing the normal grid coordinates; 
JM of them 

An array containing the spanwise grid coordi- 
nates; KM of them 

Number of grid points in the streamwise direc- 
tion (maximum of 40) 

Number of grid points in the normal direction 
(maximum of 40) 

Number of grid points in the spanwise direction; 
(maximum of 20) 

I location of airfoil leading edge (X(ILE)) 

I location of airfoil trailing edge (X(ITE)) 

J location of airfoil (y(JW)) 

K location of wing tip 

Wing semi-span; Z location of wing tip 

Freestream Mach number 

Y, ratio of specific heats 

Airfoil thickness ratio in percent 

Airfoil angle of attack in radians 

Initial guess for the spanwise distribution of 
airfoil circulation; to be used in the initiali- 
zation of the farfield; KSPAN values. 

Every NGFF grid iterations the farfield is up- 
dated (^10). 
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NAME 

0MEÜAH 

0MEGAE 

0MEGAP 

EPSC0L 

NC0L 

DESCRIPTION 

EPSGRD 

KEPS 

NGRID 

NDUMP 

NPRINT 

Relaxation parameter for hyperbolic grid points 
(^.75) 

Relaxation parameter for elliptic grid points 
M..7) 

Relaxation parameter for parabolic grid points 
(^.75) 

Convergence criteria for column solution.  The 
change in 4°     during a column iteration at 
every point in the column must be less than 
EPSC0L for convergence to occur (^5 x 10 5) 

Maximum number of column iterations allowed. 
Note that if NC0L iterations is reached without 
convergence, a printout of the degree of con- 
vergence is given and the calculations proceed 
as if converaence had occurred (^10) 

An array containing criteria to control grid 
convergence.  The change in 0°  at every grid 
point during one grid sweep must be less than 
EPSGRD(1) for convergence to occur. 

Set equal to 1.  (Not used in current version) 

Maximum number of grid iterations allowed.  When 
the number of grid iterations equals NGRID the 
calculation is terminated and a final print 
given. 

Binary tape dump frequency.  Every NDUMP grid 
iterations current values of all variables will 
be dumped on tape.  Note that a tape dump occurs 
automatically whenever the grid converges or the 
number of grid iterations equals NGRID (set 
equal to large number if a dump of only the 
final iteration is desired). 

Every NPRINT grid iterations the scaled pressure 
coefficient above and below the airfoil is 
printed. 
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NAME 

IK 

DESCRIPTION 

NKPRT 

KPRT 

ZE 

NZE 

Setting IK = 1, flags the use of a previous 
solution as an initial guess for the current 
problem where the Mach number, airfoil thick- 
ness or shape and/or angle of attack may be 
different. 

Number of spanwise sections for which pressure 
coefficient data is printed in final print. 

K location of spanwise sections for which pres- 
sure coefficient data is printed in final 
print (maximum of 20). 

Spanwise locations for numerical integration 
along span used in farfield calculations 
(maximum of 25).  This permits the specifica- 
tion of more spanwise points than available 
in grid (KSPAN) to increase accuracy of the 
numerical evluation of wing integrals. 

Number of spanwise locations for wing integra- 
tion. 

The input data listed above are necessary to initiate 
a calculation for which no previous calculation is available. 
Most calculations, however, are performed as restarts using 
data which has been stored as binary files on the restart 
tape according to the format described in Section 5.2. 
This use of the restart capability is an inherent aspect 
of the recommended computational procedure.  Some brief 
comments describing the initiation of a calculation using the 
restart capability are pertinent at this juncture. 

It is noted that the restart or dump tape (TAPE7) may 
be manipulated in any way desired using the appropriate con- 
trol cards.  In general the tape will contain data from many 
runs, stored as individual binary files.  For restarting the 
TDSTRN program, the desired file from the restart tape (TAPE7) 
is copied to a disc file (TAPES).  The user is reminded to 
rewind TAPES.  TAPE7 is then positioned at the end of the last 
file on the tape so that new dumps can be written by the program 
without losing any of the old data.  The first two sets of data 
are than input with ITAPE=1.  In the third set of data the 
following control variables are needed as input: 

0MEGAH, 0MEGAE, 0MEGAP, EPSC0L, EPSGRD, NDUMP, 
NC0L, NGRID, NGFF, PGFF, KEPS, NPRINT, NKPRT, 
KPRT, ZE, and NZE. 
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The remaining input variables are stored on the restart tape 
and need not be input unless the restart option is being used 
to run a new case.  If a new case is being run, IK must be 
set to 1 which allows the Mach number, airfoil thickness or 
airfoil angle of attack (M8, DEL, ALPHA) to be changed.  If 
the airfoil angle of attack and/or the flap angle are changed 
VT^i1683 for the farfield circulation (GAMFF) can and should be made. 

5.2   TDSTRN Output 

The output from TDSTRN consists of three parts:  (i) a 
continuous commentary which describes the progress of the 
iterative solution procedure, (ii) a final print summarizing 
results of interest from the final converged solution, and 
(in) a binary tape dump of all pertinent input and calculated 
parameters. 

The continuous commentary consists of various print 
statements executed in the main program TDSTRN or the sub- 
routine PRINT which describe the current state of the solution 
as well as the occurrence of various "milestones" in the itera- 
tion process.  The only print that occurs every iteration is 
the value of the maximum change in $*  throughout the grid 
during one grid iteration.  When a column iteration fails to 
converge, a print occurs which defines the degree of column 
convergence and the j and k locations of the most poorly con- 
verged point.  Every NGFF iterations, the subsonic farfield 
is updated and the new values of farfield circulation (GAMFF) 
and airfoil circulation (GAMTE) are printed.  The user can 
examine the effect of degree of convergence on the solution 
by specifying a print of the scaled pressure coefficients on 
the upper and lower airfoil surfaces every NPRINT iterations. 
Finally, a descriptive print occurs at certain milestone 
points such as the occurrence of a binary tape dump and solu- 
tion convergence. 

The final print is executed in subroutine FPRINT when 
the solution has converged to the desired accuracy or when the 
number of grid iterations equals NGRID.  The print is self- 
explanatory and includes the input parameters which define 
the problem and various calculated quantities of interest. 
The calculated quantities are of course based on the final 
converged solution.  The section lift coefficients are 
printed out as well as the upper and lower surface pressure 
coefficients for various spanwise coordinates. 
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The most important form of TDSTRN output is the binary 
tape dump of all input parameters defining the problem and of 
the most recent values of  ^   at  all grid points.  A tape dump 
occurs automatically if the solution has converged to the 
desired accuracy or if the number of grid iterations equals 
NGRID.  The user may also specify that such a dump occur 
every NDUMP grid iterations.  The tape so generated, not 
only forms a permanent record of the results of a calculation 
for possible future editing and examination but also forms a 
necessary part of the computational procedure.  Most important 
is its use as required input for a TDUTRN calculation.  How- 
ever, it may also be used to restart the calculation to refine 
accuracy or convergence or be used as the initial guess for 
*  throughout the grid for a similar calculation, as described 
in Section 5.1. 

The format used for writing and reading the binary tape 
is given in the followinq FORTRAN statements: 

WRITE (7) 

WRITE (7) 

WRITE (7) 

WRITE (7) 

L=ITE*KM 

WRITE (7) 

WRITE (7) 

L=IM*JM*KM 

WRITE (7) 

END FILE 7 

NITERG,IM,IM1,JM,JM1,KM,KM1,JW, 
JWP1,JWM1,ITE,ILE,KSPAN,KCAP,DEL, 
ALPHA,NDB,M8,GAM,DYBU1,DYBU?.DYBL1, 
DYBL2,D0UB,ZSPAN 

(X(I),DX(I),AX1(I),AX2(I),BX1(I) , 
BX2(I),CX(I),I=1,IM) 

(Y(I),DY(I),AY1(I),AY2{I),I=1,JM) 

(Z(I) ,DZ(I),AZ1(I),AZ2(I),I=1,KM) 

(FPU(I),FPL(I),PHIUB(I) ,I = 1,L) 

(GAMTE (I) , GAMFF {I) , 1=1 # KSPAN) 

(PHI(I),I=1,L) 

Any information may be retrieved from the tape by using the 
appropriate READ statements as is done in the restart option 
described above. 
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5. 3    TDUTRN Input 

The input for TDUTRN consists of normal card input plus 
input from a binary file which contains the steady solution 
generated by an TDSTRN run.  TDUTRN also has a resta?t capa- 
oreiinn^i^ 1S ^^^^  in exactly the same manner as 
upon at tL fn^1^!1" SeCti0n 5-1 for TDUTRN and elaborated upon at the end of this section.  The required input is now 
described and some comments are presented at the end of this 

2 SS Per^lninV0 the tape read of the steady solution As before, the card input is described in three sets. 

First Set 

i I.KM !I?«S
45i! Card containing any information in columns 1 through 80 (Format 8A10). 

Second Set 

§C0NTRL!he SeCOnd Set 0f data iS read in Under NAMELIST name 

^i\ME 

ITAPE 

DESCRIPTION 

This is a flag for using a restart tape. 
ITAPE-0 means the problem is being started from 
scratch (iteration 0), ITAPE=1 means the pro- 
blem is being restarted from a previous run 
using the restart tape.  Note that a tape is 
also used for the input of steady results inde- 
pendent of the value of ITAPE. 

Thiid Set 

$1N. 
The third set of data is read in under NAMELIST name 

NAME 

Y 

Z 

DESCRIPTION 

An array containing the streamwise grid coordi- 
nates; IM of them. 

An array containing the normal grid coordinates- 
JM of them. 

An array containing the spanwise grid coordinate 
KM of them 
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.DESCRIPTION 

JM 

KM 

ILE 

ITE 

JW 

SMALLK 

KSPAN 

GAMFF 

NGFF 

PGFF 

0MEGAH 

0MEnAE 

0MEGAP 

EPSGRD 

KEPS 

SS^ÄS^of^ in the "-.wise dlrec- 

Number of qrid nr>' 
(maximum of 40)      ln the "^^l direction 

(maximum oVlQ)1?1***  in the sPanwise direction 

I location of airfoilleading edge (X(ILE)) 

I location of airfoil trailing edge (X(ITE)). 

J  location of airfoil (Y(JW)). 

Reduced frequency based on chord . wc/u. 

K location of wing tip 

^iStSlS^o}1!*" »JfS-tlo. used 
that GAMFF is a IZitl  „I^e?rflela-  NOte 

"uses the umllm £  Äel-.JSr ^ 

relaxation parameter for hyperboiic grid points 

Relaxation parameter for elliptic grid p0int8 

relaxation Paran,eter for paraboUc grid points 

An array containinq cri«-#>ri» 4- 
convergence.  The change ^ S COrtro1 ^id 
point during one arid =L   *  at every grid 
EPSGRDd, fo9r sB!2isrSoiss«j?ies8 t'an 

■•* equal   to  1.      (Not U8ed in ^^^ ^^^^ 
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NAME 

NGRID 

NDUMP 

DESCRIPTION 

NPRINT 

IK 

XP 

ITYPE 

I0PT 

NKPRT 

KPRT 

ZE 

NZE 

Maximum number of grid iterations allowed. 
When the number of grid iterations equals 
NGRID the calculation is terminated. 

Binary tape dump frequency.  Every NDUMP grid 
iterations current values of all variables 
will be dumped on tape.  Note that a tape 
dump occurs automatically whenever the grid 
converges or the number of grid iterations 
equals NGRID.  (Set equal to large number if 
a dump of only the final iteration is desired.) 

Every NPRINT grid iterations the scaled upper 
and lower surface pressure coefficient per unit 
angle of oscillation is printed. 

Setting IK=1 allows the user to use a previous 
solution as an initial guess for the current 
problem where the reduced frequency and/or 
mode of oscillation is different. 

Steamwise location of pitch point for pitching 
oscillation. 

Unsteady mode of rigid body oscillation 

ITYPE=1 ♦ Pitch about XP 
ITYPE=3 - Uniform plunge 

Unsteady formulation option; I0PT=O for low 
frequency approximation, I0PT=1 for general 
frequency theory. 

Number of spanwise sections for which pressure 
coefficient data is printed in final print. 

K location of spanwise sections for which pres- 
sure coefficient data is printed in final print 
(maximum of 20). 

Spanwise locations for numerical integration 
along span used in farfield calculation (maxi- 
mum of 20).  This permits the specification of 
more spanwise points than available in grid 
(KSPAN) to increase accuracy of the numerical 
integration of wing integrals. 

Number of spanwise locations for wing integra- 
tion. 
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Perturbation potGnJffi t^at the solution for fh« 
solution of the st^H ' ^P^^nted in TDU?RN   

unsteady 
is accomplish Mdf£*S^ ^nerated™; ^^ %* 
tape generated by TDI?PM 9• the aPPropriate fiL on f ^  This 

in the restart optxon  ^ ln mUCh the same way as i^ H^ 
the TDUTRN rmm*»tZ t\   It ls   instructive *Tl s done 

solution   reStart ^eluding the tape read of ^efly des^ibe r xeaa of the steady 

«Pied ^oi1?^™^""!. the desired „n'st^«3? file' ™PE8. 
are rewound fZrl    ?.a disc «"e, TAPE? f 5y tape dumP is 
tioned^r^nd^ol^L^ the f^2.' SÄff!'.!^WM 

^^^ ZE, and NZE.       ^^fKi, KPRT, ITYPE. 

Again there is an onf• 

elation r«Ä,,Ä«s«jar'— «sr^Äj?^ 

5.4 

print and binary 

printed out in «-K^   hat the real and im» •  variables in 
same with the d^aJ0rder- ^  descentivf91nary Parts a^ 
gence. Thl finll*^™0*  the ^needed^enf1"'8 are a11 «« 
the solution h^f Print is executed in snJ^ !0n column conver- 
iterations SesirJT6^ or has reached thrine.FPRINT "^ 
important inpStvfriLfhe USer ^^TheoTiT^  "Umber of 
being perturbed Ind thi68 Which define both the ^ US,1***9  a11 
Also, variou8 ca^^^-^soluti^ei^ »JS^ic 

S' based on the final con- 
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verged solution, are printed.  These include the real and 
imaginary parts of the unsteady contribution (per unit angle 
of oscillation) to the aerodynamic force coefficients. 
Also unsteady contributions to the upper and lower surface 
pressure coefficients (per unit angle of oscillation) are 
printed for every computational point on the airfoil.  It 
is again noted that these are complex so that the real and 
imaginary parts are printed out in order. 

The other form of TDUTRN output is the binary tape 
dump of all input parameters and the most recent values of 
(Re^)1, Imc))1) at all grid points.  As before the tape dump 
occurs automatically at normal program termination or at 
the users discretion every NDUMP iterations.  The format 
used for writing and reading the binary tape is given in 
the following FORTRAN statements: 

WRITE (7) 

WRITE (7) 

WRITE (7) 

WRITE (7) 

L=ITE*KM 

WRITE (7) 

WRITE (7) 

L=IM*JM*KM 

WRITE (7) 

END FILE 7 

NITERG,IM,IM1,JM,JM1,KM,KM1,JWPI, 
JWM1,1LE, ITE, KSPAN, 0MEG, SMALLK, 
DYBU1, DYBU2 , DYBLl, DYBL2 , ND0UB, XP 

(X(I) ,DX(I),AX1(I),AX2(I),BX1(I) , 
BX2(I),CX(I),I=1,IM) 

(Y(I) ,DY(I) ,AY1 (I) rAY2(I) ,I=1,JM) 

(Z(I),DZ(I),AZl(I)fAZ2(I)fI=l,KM) 

(FPU(I),FPL(I),PHIUB(I),I=1,L) 

(GAMTE(I) ,GAMFF(I) ,I=1,KSPAN) 

(PHI(I),I=1,L) 

-31- 

7.2    TDUTRN Teat Cases 

_C —*^.»«f»f»*» —-  ■  J^»^,^ i V:r*A in feW4_a a^r»^ i r\n 



6.0    PROGRAM USAGE 

.1^1     general structure and usage of the three-dimen- 
sional programs TDSTRN and TDUTRN are very similar to that 
TKL vle0ri?wna two-dimensional versions STRANS and UTRANS. 
^%  ?9^  case'.it is recommended for economy sake that 
SL;iü  iü USer initially become acquainted with those 
«n^! ?   *.l *  P509rams are documented in detail in Refer- 
ence 2 so that the comments concerning program usage in this 
manual are kept necessarily brief.   ^  H    ^ ^a^  in T:n:LS 

*^^n       In tY}eir  Present configuration, both TDSTRN and TDUTRN 
allow a maximum of 11,500 computational grid points and the 
number of grid lines in the streamwise, normal and spanwise 
directions must each be less than 40. 40, 20 respectively 
^nH ?7SnCSn  g^ratl0n' TDSTRN rec^ires 70.58K words to load 
and 57.0eK words to execute and TDUTRN requires 161.7aK 
words to load and 150.OeK words to execute.  This configura- 
tion was chosen so that each program could fit into small core 
TllatL0f  a„CD9.7600 computer.  if greater storage is avaU- 
able and used, (Ex. CDC 6600) it is a relatively simple matter 

T,  F?Sr^L, etc3"^ SiZeS 0f ^ Primary variablesPPHI? X,?! 

Detailed comments and suggestions are given in Refer- 
ence 2 concerning grid design, farfield location and update, 
choice of relaxation factors and accuracy and convergence. 
These same comments apply to the present three-dimensional 
S225!/?* ri11 n0t be rePeated here.  The sample cases 
presented in the next section should provide some guidance 
with respect to such items. 
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7.0 SAMPLE CASES 

Detailed input and sample output for sequences of 
TDSTRN and TDUTRN runs are presented in this section. 

7.1 TDSTRN Test Case 

A sequence of computer runs are described in this 
section, which calculate the steady transonic flow over a 
6 percent thick, symmetric circular arc, rectangular plan- 
form wing with aspect ratio 8, at M^ = .86, a ■ 0.  The 
individual runs required to complete the calculation are 
described in the run log given in Table 1.  The table lists 
the restart tape read by each run, total grid iterations, 
convergence achieved and the tape dump generated.  The grid 
used consisted of approximately 11000 points with IM=30 
over -3.2 < x < 3.4, JM=19 over -5.4 1 y i 5.4 and KM=19 
over 0 £ Z ^ 6.0.  In the x direction, 16 grid lines were 
distributed along the airfoil chord with AX^ .06 and in the 
Z direction 10 grid lines were distributed over the span 
with Afv .2.  The runs shown in the log implement a "boot- 
strapping" technique by which the calculation is initiated 
at a low sub-critical Mach number and the Mach number raised 
in later runs to the final desired value. _The final run was 
taken to a convergence of A*max = 3.7 x 10 

5.  All runs were 
completed in a total time of 65 seconds on a CDC 7600 which 
indicates a computer time requirement of 3. x 10  CPU sec/ 
grid point/iteration.  The final convergence achieved is 
believed to be more than sufficient for engineering accuracy. 

Run GO 

Restart 
Tape 
Used 

Grid 
Iterations 

Convergence 
Achieved 

Tape Dump 
Generated 

IS .7 — 38 
-3 

10 IS 

2S .8 IS 19 io-3 2S 

3S .86 2S 50 1.9 x IO"" 3S 

4S .86 3S 50 3.7 x 10'5 4S 

TABLE 1. SEQUENCE OF RUNS FOR TDSTRN SAMPLE CASE 
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7.1.1 
^£H.LJorjrDSTRN Sample Ca ses 

above  il%^\inThls£ZCTol0f  ^ TDSTRN ***  —*'** 

•       Run  IS:     no  tape  read,   generate  file  is 

***3D  CIRCULAR  ARC*** 

$C0NTRL 
ITAPE=0, 
$END 
$IN 

•»^•.i.u.i.34:ifJi,i:öifi:;4;;fiij"«-". 
,u,^^a;:hf^fh:i:l!:a-j;i:«;4-.«.-..., 

IM=30f 
JM=19, 
KM=19f 
ILE=9f 
^£=24, 
JW=10, 
KSPAN=10, 
ZSPAN=2., 
M8=.7, 
GAM=1.4, 
DEL=.06/ 
ALPHA=0.0f 
GAMFF(1)=10*0., 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSC0L=5.E-5f 
EPSGRD{l)=l.E-3# 
NDUMP=2000, 
NC0L=1O/ 
NGRID=50, 
NGFF=2000, 
PGFF=1.5, 
KEPS=1, 
IK=0, 

•  NPRINT=5, 
NKPRT=10, 

NZE=2 , 
$END 
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Run 2S:  read file 1S# generate file 2S 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSC0L=5.E-5, 
EPSGRD=l.E-3, 
NDUMP=2000/ 
NC0L=1O, 
NGRID=50, 
NGFF=2000, 
PGFF=1.5, 
KEPS=1I 
NPRINT=5# 
NKPRT=10, 
KPRT(l)=l/2#3,4.5f6#7,8.9,10# 
ZE(1)=0.0,2.0, 
NZE=2, 
IK=1, 
M8=0.8, 
$END 

Run 3S:  read file 2S, generate file 3S 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSC0L=5.E-5, 
EPSGRD=l.E-4, 
NDUMP=2000, 
NC0L=1O, 
NGRID=50, 
NGFF=2000, 
PGFF=1.5 
KEPS=1, 
NPRINT=5, 
NKPRT«=10, 
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KPRT(1)=1,2,3,4,5,6,7,8,9,10I 
ZE{1)=0.0,2.0, 
NZE=2, 
IK=1, 
M8=.86, 
$END 

Run 4S:  read file 3S; generate file 4S 

*** 3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSC0L=5.E-5, 
EPSGRD=l.E-3, 
NDUMP=2000, 
NC0L=1O, 
NGRID=50, 
NGFF=2000, 
PGFF=1.5, 
KEPS=1, 
NPRINT=5, 
NKPRT=10, 
KPRT{l)=lf2l3.4,5,6#7,8,9,10f 
ZE=0.0,2.0, 
NZE(i)»2, 
IK=0, 
^END 

7.1.2  Sample Output for TDSTRN Teat Case 

The following pages contain a sample of the continuous 
commentary output for the first 4 cycles of Run IS in addition 
to the final printed page of all runs.  Also included is the 
complete final output for the final converged result (Run 4S). 
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RUN   2S 

■ 

I 
M 
w 

I 
: 

1 c. •• 
c o o c o o 

b» • ♦ • • 
4* to< 

•  • *< to •- «> c r 4 J-    4 » e o • •*• »   •* 
a o o — rf 5- « "»- «   ^ 

# •   • •   • • • • • p •• 
u c a V —• O  *> 1 ■ o 

• ♦ 
* *■ 

o c 
«- c- 
«> c 
« c 

•   • 

• t 
4-   *■ 
%   4 

* <■ 
^ c • • 
• t 

e o 
•  t to to- 
A*  4 

43   €• 

■1 
• ■ %     » 

• c o 
1 c 

c   o c e 

1 «. • ♦ 
• lb 
c o 

IM  to ->   • 
• ♦ 

**  • 
■ «. e »>    9 ^   « 

2 M — »U •- 'v « 
5 J •   • •    4 •     • • • 

e   • M 
c  1 a • • c «■ -• C ■ c ■ 2 «- «■ • c c ■   O  L —      •    ^ • C • • •    4 I    4 

no* 9 A« 41 ■   * A •   to.  Al •                 «# *» rt o -. «    4 iw «. « 
**                •■■%-. w c o %   ^ — 4  #»  - 
-t           ■           — M •^ VI ■ « »   "   — jr- — «                               •  rf t • S •€ .J « o •          *•                  ^ V 1 — r- a m •  *M 
►           ^   »          «1 w ^ •   • •     •     4 A      •      • 
-•       / c       ^ >*■ ■ «• »     •     1 »      •      • • ft ■ ■ •- 

»- •* _J      ^ ■ « r * 
•    L.    C    ^   < a iM   •- < A.   —   © • -1 o c •-• c c Me e 

r    ■   r     J   C   «   M <r» • c 1 • o   ■   • *-■  •  • 

C            •>   w  O   t-  k- • 1 •J to* — *' *- M ul Al 
•   **  €.           **  1    •- • o o to ^ © to ^ »: 
A.    ■     ^      «        •*-    •* <M a 1 o c to *V r- A ^r- 
C    -   4   W         X * ■ u •. « «. — ». 
C             • «          »A| W i o «. -     *V    J _ * • 
«A       •-      fc, C ll ph r» IN»   — *to W  — *\l 
C    A.           »      •   -^   W » • c »■ •   • •     4 •   • «   *-           « 1* •- m Al    •     t «III 
• «■ ■     r •* w ** c m * • •» 
\      * —c  « ^ 4 1 
i OC »*  3 u 4 ■ v c r «CO 

n   .*       • u »• •■ b — e •- o «. «>O0 
M u • *   •   • A*   •    • 
O • 6 *■ a 4.14 t   M* Wl 

•      as»-      0 « n » 1 • —»• »    —  •" 
-j ►       -  u ^ a ■ I c ^ rf* *- IT 

8 1 ■ -j « *• -* 4   »■ 
It*5     a •« ~i • •• «T »- t * MO* ^ 

*■ 

^ ** r • •   • r -#^ 
to    ■  • to   • • 

_» » r-     w •• o * f ■ B •      i ■     I 
1» r^ ■ M 

i -i « • m to 
«»•-«■ u u i 

-39- 



RUN   3S 
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•   FINAL  OUTPUT  OF   RUN   4S 
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•   FINAL  OUTPUT  OF   RUN   4S   (CONT'D) 
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•   FINAL  OUTPUT  OF   RUN   4S    (CONT'D) 
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7.2 TDUTRN Test Cases 

A sequence of TDUTRN runs are described in this section 
which calculate the unsteady flow perturbation for the pre- 
viously described circular arc rectangular wing oscillating 
in pitch about the leading edge at: 

M = .86 
k = 0.0 

k ■ 0.1 

The individual runs required to calculate these cases are 
described in the run log in Table 2.  All runs used the steady 
solution given on tape dump 4S.  The table presents the reduced 
frequency, restart tape read, grid iterations, convergence 
achieved and tape dump generated.  The runs were calculated 
using the same grid as the steady runs.  They were performed 
in the order shown to implement the "bootstrapping" technique 
for getting from one reduced frequency to another.  The input 
required for each run and sample output are presented in the 
following section. 

Run k 

Restart 
Tape 
Used 

Grid 
Iteration 

Convergence 
Achieved 

Tape 
Dump 

Generated 

1U 0.0 — 50 2.2 x 10~3 1U 

2U 0.0 1U 100 1.9 x lO"" 2U 

3U 0.0 2U 50 6.8 x 10"5 3U 

4U* 0.0 3U 86 1.0 x 10"5 4U 

5U 0.05 4U 50 1.3 x 10"3 5U 

6U* 0.1 5U 200 6.0 x 10"5 6U 

TABLE 2. SEQUENCE OF RUNS FOR TDUTRN SAMPLE CASES 

(•DENOTES CONVERGED SOLUTION) 
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7.2.1  Input for TDUTRN Test Cases 

The card input for each of the TDUTRN runs described 
above is given in this section. 

•   Run 1U:  read file 4S, no restart tape read; 
generate file 1U. 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=Of 
$END 
$IN 
X(l)=-3.2,-2.2,-1.5,-1.02,-.67,-.42,-.24,-.1,0.,.07, 

.14,.21,.28,.35,.42,.5,.55,.6,.65,.7,.76,.82, 

.9,1.,1.14,1.34,1.62,2.02,2.58,3.38, 

Y(l) =-5. 4,-3. 41,-2. 91,-1.91,-1.21,-.74,-.43,-.22,-.08, 
0.,.08,.22,.43,.74,1.21,1.91,2.91,3.41,4.3, 

Z(1)=0.,.25,.5,.75,1.,1.25,1.5,1.75,1.9,2.,2.1,2.25, 
2.45,2.75,3.2,3.85,4.75,6.,6.8, 

IM=30, 
JM=19, 
KM=19, 
ILE=9, 
ITE»24, 
JW=10, 
KSPAN=10, 
GAMFF(1)=10*(1.,0.), 
0MEGAH=.75, 
0MEGAE»1.7, 
0MEGAP=.75, 
EPSGRD(l)=l.E-4, 
NDUMP»2000, 
NGRID=50, 
NGFF=10, 
PGFF=1.5, 
KEPS»1, 
NPRINT=5, 
NNPRT«10, 
KPRT(1)=1,2,3,4,5,6,7,8,9,10, 
SMALLK=0.0, 
IK=0, 
XP«0.0, 
ITYPE=1, 
I0PT»O, 
ZE(1)«0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE«19, 
$END 
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Run 2U:  read file 4S, restart file 1U; generate 
file 2U 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0^4EGAE=1.7, 
0MEGAP=.75, 
EPSGRD=l.E-4, 
NDUMP=2000, 
NGRID=100, 
NGFF=10, 
PGFF=1.5, 
KEPS=1, 
NPRINT=5, 
NKPRT=10, 
KPRT=1,2,3,4*5,6,7,8,9,10, 
ITYPE=1, 
I0PT=O, 
ZE{1)=0.,.125,.25,.375 .5,.625,.75,.875,1.,1.125,i.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE=19, 
IK=0, 
$END 

Run 3U:  read file 4S, restart file 2U; generate 
file 3U 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSGRD=l.E-4, 
NDUMP=2000, 
NGRID=50, 
NGFF=10, 
PGFF=1.5, 
KEPS=1, 
NPRINT=5, 
NKPRT=10, 
KPRT=1,2,3,4,5,6,7,8,9,10, 
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ITYPE=lf 
I0PT=O, 
ZE(1)=0.,.25,.25,.375,.5,.625,.75,.875,1-,1.125,1.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE=19, 
IK= 0, 
$END 

Run 4U:  read file 4S, restart file 3U; generate 
file 4U 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSGRD=l.E-5, 
NDUMP=2000I 
NGRID=100, 
NGFF=10, 
PGFF=1.5, 
KEPS=1, 
NPRINT=5, 
NKPRT=10, 
KPRT=l,2,3#4,5,6r7,8,9,10, 
ITYPE=1, 
I0PT=O, 
ZE(1)=0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE=19, 
IK=0, 
$END 

Run 5U:  read file 4S, restart file 4U; generate 
file 5Ü 

i 

***3D CIRCULAR ARC*** 

$C0NTRL 
ITAPE=1, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSGRD=l.E-5, 
NDUMP=2000, 
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NGRID=50, 
NGFF=10, 
PGFF=1.5, 
KEPS=1, 
NPRINT=10, 
NKPRT=10, 
KPRT=1,2,3,4»5,6,7,8,9,10, 
ITYPE=1, 
I0PT=O, 
ZE(1)=0.,.125,.25,.375,.5,.625,.75,.875,1.,1.125,1.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE=19, 
IK=1, 
SMALLK=.05, 
$END 

Run 6U:  read filf» 4P, restart file 5U; generate 
file 6U 

***3D CIRCULAR ARC*** 

$C0NTRL, 
ITAPE«!, 
$END 
$IN 
0MEGAH=.75, 
0MEGAE=1.7, 
0MEGAP=.75, 
EPSGRD=l.E-5, 
NDUMP=2000, 
NGRID=200, 
NGFF=10, 
PGFF«=1.5, 
KEPS=1, 
NPRINT-10, 
NKPRT=10, 
KPRT=1,2,3,4,5,6,7,8,9,10, 
ITYPE»1, 
I0PT=O, 
ZE(l)«0.,.125,.25,.375,.5,.625f.75,.875,1.,1.125,1.25, 

1.375,1.5,1.625,1.75,1.825,1.9,1.95,2., 
NZE-19, 
IK«1, 
SNALLK-.1, 
$END 
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■***.!**'*■-■' 

7.2.2  Sample Output for TDUTRN Test Cases 

The following pages contain a sample of the continuous 
t?^eto^L0^tP^ for the first 9 cycles of Run 1U Jn adSi- 
^ ^l ^/^^i. Panted page for all runs. Also included 
in the complete final output for the final run. 

-50- 



•   SAMPLE  OUTPUT   FOR   RUN   LU 
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APPENDIX A 

FÜRTRAN LTSTING OF TDSTRN 

as configured hire  requi^s ?J ^^^ KPf' ,The pr0^am' 
words to execute.  In ?his cnn?^.9 S***  ^ load and 57-0. 
into sinall core of the CDC ^^"txon the programs fit 
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c 
c 
c 

DATA 4L,BtT /.5,f5/ 

TO RESTART PROGRAM, rnpw Tur n«** rMn «-.- 
JILI TAPE«,  pnsTTi^rUr MAT    IF END n"^7. J^M-^7  To 4  0I8 

SO MfM OATA MAY BE «RITTFN 0^ T«P T^rM E Ll*1   'lL*   ÜK   THf T*p OLD DATA WITTItl OM THE TAPE WITHOUT LOSING ANY OW   THE 

JtJJ ;S.01?) (TITLE(I),I.,,nj 
RE»D (S,Cn<gTRL) 

BrJ\
(lT*PE:'e0'0) R0 TO IP READ DATA FPDH »ESTART TAPf 

sc 
E 

READ (*) 
READ (fl) 
L«ITC«H(M 
RE40 («) 
RE40 f9) 

REAn («j (PMI(n,i 
I««0 

!r!L,ii''FPLn)',,MIl'e<n.T-!,L) 
f^MTE(T).GlHPE(n.l.i,KSPAN) 

»l»LJ 

MACH 
SURF 

RE*D (S,IM) 

AT7SrJ;. ^UJ^ iS U8ED Tn 8nnT "RAP TO DIFFERENT 
,J2ll   T;IC^FsSf5 AND/OR ANGlFS OF ATTACK NAKi THE NEw MS, DEL AMO/OR ALPHA        *TTACK MAKE 

1^ (IK.EQ.O) GO TO 1 

cKJL^p■Ic^I,TT*^,/(^•4GAM,•oF■L•MB•'?,5"•^^^ 
CALL   FARFLO 
CONTINUE 
8K«83RT(KCAP) 
DO  2   Isi.MPAM 
6AMTCni)«CAHTE(T) 
CONTINUE 
«»ITC   (6,900) 
WRITE 16,90)) WTTERG 
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SUBSONIC CASE (INTERIOR ONLY) 

cn TO 15 
START PROPLtM FRO" SCRATCH 
10 COMflNUl 

READ (5,IN) 
KCAP»(li»Ma**2)/((l,*CAM)*DeL*M«#»2)«*i6666fe66667 
SKiS'SRTtKCAR) 
DO 5 I«1»KSPAN 
CAMTE(I)«GAMFF(IJ 
6AMTE1 (n«r.AMFF(n 

1 CONTINUE 
NlTERGBft 
NOBaO 
IMIBIH.I 
JM!«JM»t 

JWPjtJrt*l 
JWMIBJW-I 

INITIALIZE FINITE DIFFERENCE COEPFICIENTS AND FARflCLO 
CALL INITAL 
CALL FARFLO 

INITIAL GUESS FOR 
00 20 K«1,KM1 
MRBIH*JM*(K»1) 
Z2>Z(K)**2 
DO SO IB2,IH1 
MaMP^(I*l)*JM 
X2BX(I)*ft? 
CONa.X(n*DOUB/(6,28^1053) 
DO dO J«?,JM1 
L«H*J 

R«SORT(X2«KCAP*(v(J)**2«Z2)) 
IF (R.EQ.O,) GO TO «1 
PHI(L)«CON/R**3 
IF (ASS(PHI(L)),6T,1,) PMI(L)«SI6N(l,,X(m 
60 TO «0 

«1 CONTINUE 
FHI(L)«PHI(L-JM) 

«0 CONTINUE 
SO CONTINUE 
20 CONTINUE 

L"1TE*KM 
DO 5 I«l,L 
PHIUB(1)«0, 

5 CONTINUE 
MB(ILE«2)*JN4JW 
KK»(lLE-n*KM 
DO «7 K«1,KSPAN 
LPM*|M*JM*(K-1) 
PHlUB(KK*K)«PMin ) 

«7 CONTINUE 
IS CONTINUE 

WHITE (6,IN) 
WRITE (6,900) 

CPCPB»DEL**,66666ft6fc67/((lt*6AM)«MB«*2)*«,5SS3^5S3S3 
WRITE (6.913) KCAP,CPCPfl 
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75 
FOR GRID ITTRATION 

THE PLANES (Z DlRECTinN) 

CCORRCCT PLANE) 

KIIIO«] 
CYCLE   POINT 
CrwTIWUE 
ERRORBO, 
NITBMITERG 
MTERO«NlTERG4-l 

If   (HOD(NITERG,NPRIMT),CO,0) CALL PRINT(MTT> 

CALL GAMFuN 

76 CONTINUE 
*  BEGIN LOOP ON 

IMJMBJMAJM 
00 100 K«l#KMt 
MPBIMJM«(K-1) 

CHECK FOR AIRFOIL 
IFOIL'O 

.  ...J' (««.LE.KSPAN) IFOILBJ 

HBMp*(l.l)«jM 

CMtIFLAo2oAlRFOlL (r0RBECT COLUMN) 

SAVE 7MIS COLUMN OF PHI 
on «ei JBJ.JMJ 
L"M4j 
PHI0C(J)BPM1(L) 

*01 CONTINUE 
N17ERCB0 

LOOP SACK POINT FOR 
250 CONTINUE 

NI'ERCBNITFRC*! 

,  1F.C^T"C.6T.NCÜL) CO TO 
SAVE PREVIOUS PHI FOR COLUMN 

00 ?02 JB2#JMI 
LBH*J 

^HI0C(J)BPH1(L) 
t02 CONTINUE 
§ECiü b?0^ nH  CnLUMN (y DIRECTION) 00 100 JB2(JM1 
CALCULATE CELL INDICES 

L"H*J 
LRBL^JM 

LLaL«JH 
LLLPLL-JM 
I? <I,E0,2) LLLBLL 
LABL*1 
LBBL-1 

LFBL^IMJM 
LBKBL^IMJM 

XF fK.EQ.i) LBKBLF 

COLUMN ITERATION 

3R« 
ITERATION 
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iPNIMPNKlt) 
TPMILBPHKLL) 

TPHILL«P^TfLLL) 
TPMIBKBPWKLHK) 
If   (l^niL.FQ.o.np.j.Mf.j«, 
1'    (l.CQ.TLf-l)   PHld«) 

cn Tn in 

... J^T;:f,?-,TE,i,",,"'LU"-5--""""'^-n««««!*'M»tü! 
i PMi(LRK),.5.(PHilm(f,,1 #«M:i;p^;;;i;;;"'KsPA^n 

*    *   PHIfl.JM.K,    ♦   R    »   PHI,»..,.„,    .   r    .   PMin.J-i.K,    ,   D 

!S   J^Lt^!0•,•*,gR•J•!:,J•Jw, Go TO ua 
PARTJO •J,EQ,JhMn r,n Tn 370 

^   n.LE.lTE.OP.IFPiL.n.n)   GO  TO   ^0? 
KUTT»   CflNOITION 

^02 COMTI»JUF 

If (V(J),LT,0,) GO TO 5H0 

C  **•••••*•• ELLIPTIC 0IFFERENC1NC *************************** 

nMEr,»r.T)«nHtGAF       * *****•**•*•**•*•••••••••**•••••••••••••••*♦«« 

i0(ij;^:;!ÄrHLH)*Bxpn)*PMnLu)*p^-(*7^^*^Hln* 
If (J.tO,?) GO TO 305 
If (J.FQ.JMj) Rn TO 30« 
60 TO 390 

C  BOTTOM BODNOAffr 
^03 COMTTNliE 

0(J)POfJ)-*r?(J)*PHHi B) 
CO TO 390 

C  TOP BOHNDIRV 
^0« COMTIMJE 

Of J)«0(J).An(j)»pHHLAj 
CO TO 390 

120 COMTlNUf 
If (V(.J),fiT,0,) RO TO 3(10 

J     '^^^ HYPEPUOLIC   OlfPEPfNCING   *****************-********* 

s;«;;;;:^*;;; ** *  
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'"lifE^Hr"1«^^^   
H    fJtfcO.JMn   GO   TO   12« 

S22   CHNTINUF 

60 rn i9o ^ ' 
"  TOP bOUMOAPv 

5?J CnNTlNDt 

G0nj;;o59jr*ynj,#pNicLM 

c : , „  
c • ...^;.B°LIC ^^f^ci.c M •—• 

Sb"Ap     * "• 
«<i)

)ir;i?HCNtMviw,^tM'^"«t.mf«, 

]r   U.EQ.JMn   en  TO  1«l 
en rn 190 

C    BOTTOM «OU^OARV 
5«2  COMTI^Uf 

CO   TO   J90 ' 
C     TOI»   BOU'JOAv 

J«J   CPNTIMUF 

?üT59JJ"4YtcJ)*,,N1(LA) 

cc : -  

m crwuut ^ 
0HeG«(Jj.nMfc84t •••••••♦••.•*.••.*•. 
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c,n!.''.'°""'"v"",""«»"'i'>-M.«...ZJ(«) 

551   CONTIMUE 

»(jj.vv-ixKi.n.oYeu,..,, „,.,„,„ 

C     PARABOLIC 
15?   COMTI^uf 

o,«cc*(j)»n»«EC4P 
4(J)«0VBU1 

C     SHOC«  Pnngy 
55«   CüNTlNME 

0MFCA(j)«nMtC4t 

?  l??(«).P»I(tll,)) ' "'""•'■'•"""•I.L))).(»?l(«).»MI(LH, 
SO TO J«0 

i ^nr^ZHEHH-Ä^ssÄs  "0 CONTINUE     S  

KLLI
I
;TI

(
C
V(JJ

'
IT

-0.> CO TO J7J 

nMFGA(j)BnMt54f 

c'(
(
J

J!.';y9°ü
U,VV*'""("'8«">"-"l'«)-«J(.) 
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GO  TO   372 

on TO  m 
STi crmiNuf 

I' (V(J)tCT.O.) 
C  MVPCH8DLIC 

OMpG4(J)«nME(;AH 

C  PARABOLIC 
JT2 CONTTMlE 

OMEC«(J)«OMEO«P 

C  SHOCK POINT 
ITS CONTINUE 

OMCCAfJJiDMCSAE 

c^^J^^•fe,•4L*vv•(B>fl(IJ^^^n^T.vcJ,.BM(I.n-A^(.)-A^^cK, 

Jijl« 

Ifl 

300 

360 CONTINUE 
BOOT BOUNOAPy 

A(J)«0t •urn« 
e(j)«o, 
0(J)»PHIfL) 
CONTINUE 
RMHL«)«TPMl(j 
'KIfl.L)«TPM|L 
'HI(LLL)«TPHILL 
»M!(LBt<)«TPMlBK 
CONTINUE 

mOlACONAL MATPI« 
CALL TRI(r#K) 

CHECK FOR COLUMN CONVEMRCNCE 
00 395 J»i,J*i 
L»M*J 
JEKPORaj 
fPPC«PMIOC{J),PHl(L) 

coNn;!"RRC,,CT,c''8CnL)  C0 T0 «50 
CONTINUE 

CONVCPGCD. PELA» PHI, MNO tnÜ lil 
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OF PHI 

S9§ 
39« 

jmR6,I,ERRC,JERROR,K 
HOVE   TO NEXT  COLUMN 

CALL   FARPLD 



00   ^h   J«2,J»M 
L«M*J 
ERB«OMECA(J)*(»,MT(L)-PHTfjr,(J)) 
PHI(L)«PHI0G(JUFBB 
1^   fArtS(EBB1,LT,ARS(FBRnR))   6n   in   196 
IIHIOMIM 
i.ERBnB«L 

1Q6 CONTINUE 
IP fI>L*G.NF,n CO TO ?00 

PH!LIR(N)«PHI(L*I )-0yf Jw)«(PHi{L*?)-PM!(L*l))/Dy(J»Pn 
1^ (IttOfTTr) GAMTEC»<^IPHIUö(W)-PHI(L) 

20P    CHNTlNllF 
IOC CONTXNUI 

C  PP1NT OUT EMffH« AFTEH GRID SwtEP 
WRITC ft»,9051 K'ITrRf;,EPPOR,LF»»OP 
IF (AHStF»eOP),LT,10,) SO TO 101 
WPITE (*,«>15) 
STOP 

101 CONTINUE 
I0OUB»0 
1^ (AHSttHBORi.Lt.FPSC^OfKCBn)) GO TO UOO 
IF (NlTEBCEQ.^r.PIO) GO TO «10 
IF (MnDfNlTEBG,NfVjMP),Cf3t(n GH TD alO 
CO TH 75 

«00 CONTINUE 
•(GPD«KSPO*l 
I0OuB«l 
on. TO aio 

«Oi   CONTINUF 
CALL    G«MFiiN 
*PIT£   (6,910)   ^ITLMG,I<»lNG,GAMTf (n,G4HFF(l),C4MTC(KSPAN), 

1      CAMFF(KSPAN) 
CALL ►PPINT 
«BITE («»,9^0) 
WBITE (6,90*) 
CALL COllBl t 
«BITE (6,914) 

(6,002) 
(6,901) 
(6,911) 
(6,903) 
(6,916) 
(6,903) 
TS 

MTFBG 

lM,JM,JW,KM,lLE,TTC,t<SPAN 

(x(n,i«i,iM) 

(v(n,iBi,jM) 

(7(n,i»i,KM) 

WRITC 
WRITE 
«»irr 
«BITE 
WBITF 
WBITE 
CO TO 

«10 CONTINUE 
TA« OUNP 

«»ITC (7) WITERC,IN,IM1,JM,JHI,KM#KMI,JW#JWP1,JWM1,ITE,ILEJ,  - 
1 KSPAN,KCAP,DFL,ALPHA,NOB,M0tGAM,Dvnui*0vBU2#0VBLl,0VBL2, 
2 DOUBfZSPAN 
WBITC (7) (XfI),Ox(I),Ayl(I),A)(2fI),Pxi(I),BX?(l),Cx(I),T«l,TM) 

(Y(n,0Y(I),AYl(I)#AV2(n,lBl,JM) 
(Z(I),nZ(I),AZl(I)#AZ2(I),l«l,KM) 

NBITC (7) 
NWITE (T) 
L«ITC*KM 
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420 

«SO 

♦ 00 
•01 
•OJ 
♦ 01 
♦ 0« 

1 

«»ITC (6,907) MltrOG 
C«LL P»lNT(NlTERe) 
IJ (<GBD,CT,KEPS) GO TO «PO 
JJ (NXTIftt.rt.NtnO) CO S 11. 

COMTIt«uE 
«ITC (6,9oa) NfftH 
6n TO «50 
CONTINUE 
«»ITC (6,909) MITtRG 
^OtMAT (IHI) 
FORMAT 
FOBMAT 
FORMAT 
FORMAT 

• ERR 

HH ,/,• CASE 

noEis.s) 

IS BEIM6 
!■!#IM*) »ESTARTEO AT iTERATlO^r,, 

(IH ,/,* 4T 
■•Ell.5* j 

ft« ,/,♦ AT 
*T WOOE«i5) 
(IM ,/,# TMF 

(IH 
(IM :;:: -- «WAJWliSIJU, M ITt, 

•05 FORMAT 
ICURREn 

•06 FORMAT 

•07 FORMAT 
•08 FORMAT 

|ATI0N«I5) 
•Of FORMAT (IM 

If IS BEING 
•10 FORMAT (IM 

"11  fOK-.T Mil«" '"■»••'■'••'"•) 

'WÄ'iyirir '«- 
JM 

TtRATION«15* 
■*I3* K ■•n) 
ITERATIO^rs.   TME   MAXIMUM   ERROR   .*Fn,„ 

COLUM^T«.   FAIUO   TO  CONVERGE. 

*"***   OF   srr,F,   „   Hm   onuBup 

ANO   OC 

AT ITERATION« 

HAS REEN RFACMEO, CA« 

""   UP0ATP GAM^ ™   ^"tttO AT ITERATION.!, / 

•l« FORMAT (IH 
(K) 

»/»• IM .*!<,* JM ,#Ia)| 

■•tl3,5,/,* SCALING rACTO 
■•I«. KM .♦!«« ILC ,#Ia 

«50 

DIVERGING, TME RROBLEM „ Hm   „„^ 

t<>L * lTe "•I«* K9PAN ■«til) "Ä "" "'• •»«"öS. 
C*LL FRRINT 
END 
SUBROUTINE DOUBLE 
"*|:n«AP,H8.IWlNG 
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«TURN 
END 
lumouTim FABFLD 

COMMON /CAMM4/ CAMTEiJÜJ'^iJ! 4?fa0)'PMICll500J 
COMMON /KTW/ «u|{fJJ{§MTe(M^W^«*W«t) 

SUBSONIC FABPIELD  ""'^^^^ 
CALCULATE NlMC INTEGRAL 

C0Nl»0nuB/6,2«3iH53 
IWlNG«0, 
00 10 Ia?f*SPAN 

i. Mlm^"""-"'""^"4""""-")«»'«!-!) 

Z»Z(KM) 
MP«IM«JM*KMJ 
Z2»?(«M)*»2 
00 20 I«1,IM1 
M«MP»(i.t)#jM 

CON5«.x(I)*CONl 
00 25 J»1#JM 
L«M»J 
V2«V(J)*»2 
»■80RT()f2*KCAP«(v2*Z2n 
PMIT-CONI/H*«! 

CONTINUE 

V2avn}*ft2 
CON1«-ir(l)#CONl 
00 SO KaitKH] 
MR«IM»JM#(K.1) 
Z2aZ(K)**2 
00 15 J«1,JM 
L»MR*J 
V2«YfJ)**2 

»■80RT()t2*KCAP«(y2*22)) 
RMlT«CONS/»*#i 

iI,!.V?,E0»0i«AN0,Z2iEQ,0,) CO TO 56 

3* CONTINUE 
»MI(L)"»»MIT 

H CONTINUE 
SO CONTINUE 
mm ANO v*y(jM) 
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00  <J0   IDBI.J 

j^fio.EQ.a) cn T0 $i 

cn TO u?, 
«1   COMTlNijf 

JBJH 

«2  COWTIiyuE 
DO as  K.I.KMJ 

«'  CO^TI^UE 
.     <»0  COWTIigijiP 

00 50 K«I,KM 

on TO i«| WI| 
-A *fT)«ZE(I) 
"0 COWTIWUE 

JO fl i.f.^^-^^'^iP.eo.n GO ro r, 
72 CO^TIMUP 

XFLlP.i 
"I CO^TI^UE 

L»M*J 

'mTÄ:,,-l,'"««»> " TO „ 
JO TO t| 

"■■■'•■"""' '■■>■—..■„.„.,., ,., 
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6« 

M 

6S 

60 
50 

1      5*MTF(l3E-1)))/(CZfK).A(KK))*«?*y2j 
1^    (KK.EO.I 1    Gfl   TO   hti 

4lMT«4lNT*,5*(AMF-*nLO)«(A(KK).»fKK-in 
CONTINUE 
OLOaAMEw 
CnMTlNiJE 
*IMT«AINT*,5*AMEW*(ZSP*N-Z(K8PAN)) 
CONTIMHE 
»»■80RTfX?*<C4P*(y2*7?)) 

PHI(L)BpMIT»COM«AlM 
CnwilNUE 
CONTINUE 

EMI5 
FuNCTin^j FLPnr»,7Z) 
PE*L   KCAP,M8fiwjMC 
CCHMO*   /DELTA/ 

FLP««,*Or)r-,S) 
RETURN 
EMO 
SUSROijTTNF FPRIMT 
REAL KCAP,M8,IWING 
CDMMON /OFl 7A/ 

I  BVP(«0),CX(«0 o*uo);ov(ao),oz(20).AxiUo),A)r2uo),8)ft(a 
.AVI aO),AY?(40).AZn20),AZ2(PO),X((lO)#yf 

flO). 
«or 

WRITE (6,900) 
WRITE (6,901) (TlTLF(I),Ii ■1,6) 
WRITE (6,902) M8 
WRITE (6,903) KCAP 
WRITE (6,90«) DEL 
WRITE (6,905) ALPHA 
WRITE (6,907) 78PAN 
WRITE (6,906) CPCPB 
WRITE (6,916) CPCRIT 
WRITE (6,912) 
WRITE (6,915) 
CLIPT«0, 

(*(I).I«ILC, ITE) 

CM(5M«C • 
on to «■I,«SPAN 
PART«, 
MPalw« 3;i((;i,lr*n"i,)*(G*MFFcK)-cAMTr(K),/(,,<iM»>-».'*^"(K)) 
lJ*BHPMTE*jMtjM 
PMI(IJK)«PMl(IJK).BAdT 
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LP«(1LE.2)*KM*K 
PHlUBfLP)BpHI(L) 
LP«ITC«KM*K 

L»M*JW 
LP«(I-t)*KM*K 

*F CK.CTil) SO TO 21 
C(i)«A(n 

fc ofi)»flcn 
21 CONTINUE 

C2»ci*x(r) 

if !!#§TfIW' G0 TO 22 

CM»,5*C2*)friLE) 
60 TO 23 

22 CONTINUE 

CL»CL*,8*fCl*C10)*üx(J.n 

cio«ct 
C20BC2 

iO CONTINUE 

IP (K.EO.l) 60 TO 11 

ti cS2muTt,5#CCHfCMO)*Dz(K-»> 
CLO«CL 
CMO«CM 
JO 12 Nai,NKP*T 
r!ui^RT(N)«NE'K> CO TO 12 

«ÄITE (6,906) Z(K),GAMPRT 

jMnj* 

(6.911) 
C6,915) 
(6*914) 
(6.915) 
10 

WRITE 
WRITE 
WRITE 
WRITE 
00 TO .v 

12 CONTINUE 
10 CONTINUE 

WRITE (6.900) 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

(B(I).I«ILE,ITE) 

(*(I).I»ILE.ITE) 

(6.901) 
(6*902) 
(6,903) 
(6.904) 
(6,905) 
(6.907) 

(T1TLE(I),IPI,B) 

KCAP 
DEL 
ALPH4 
Z8PAN 
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^■ mm 

' 

«01 
♦ 02 
»01 
»oa 
»05 
»0* 
»07 
»OS 

»10 
»t2 
»IS 
»1« 
»15 
»U 

«»ITC 
WftlTE 
WRITE 
WRITE 

(6 

(* 
(6 
(6 
(6 
(ft 
(6 

( 

906) CPCPB 
916) CPCRIT 
909) 
910) CLIFT^MOM 
• OAMTE(n*CPCPB 
908) Z(l),OAMPRT 
912) 
915) 
913) 
915) 
9ia) 
915) 
HI) 

(30*,8M0) 
(IN ,/,lH 

(• 
(* 
(• 
(1H 

(1H 
(1H 
(1H 
(1H 

ey(I),T«lLE,ITE) 

(On),I«lLE,ITE) 

(C(I),I«ILE,ITE) 

«/.1H ,/,* MACH NUMBER ••E13,5) 
SIMIUAR1TV PARAMETER tK) B*E15(5) 
THICKNESS RATIO ■*ei3,5) 
AIRFOIL ANGLE OF ATTACK (RADIANS) ■*E13.5) 
CP SCALING FACTOR <CP/CPBAR) ■*E15.5) 
WIN6 ASPECT RATIO •*E13,5) 
#/»lH ,/,2lX*AlRFniL 8PANWI8E COORDINATE »*El3.5 
LIFT COEFFICIENT •*E13.5) 

,/,lH ,/,* ATR^OIL FORCE COEFFICIENTS«) 
./,3X*LIFT ■*El3,5,/fSX*MOMtNT ABOUT (»(«O) ••ElS.S) 
,/,lH ,/,3X«AIRPniL STREAMWISE COORDINATE*) 
»/.1H ,/,lX*AIRFOlL PRESSURE COEFFICIENTS» UPPER ■•) 
,/,3J(*AlRFOlL PRESSURE COEFFICIENTS, LOWER ■•) 

(3X10E13,5) 
(* CRITICAL PRESSURE COEFFICIENT (SONIC) •*E|J.5) 

; 

GAMPRTi? 
WRITE (6 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

1  *  SECTION 
909 FORMAT (IM 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
RETURN 
END 
FUNCTION   FUP(XX#ZZ) 
REAL   KCAP(M0(IWING 
COMMON  /DELTA/  DXUO) .DvUO) ,DZ(20), AX1 UO), AX2U0) ,Bxl (40), 

1 BX2(«0),CX(aO),AVl(«0),AV2UO),AZH20),AZ2(20),X(flO),V((|0)f 
2 Z(20),FPU(80fl),FPL(e00)»PHIl.lB(800),TM,lMlf JM,JMi,KM,KMl,JW, 
1  JWPl,JWMl,ITE,TLE,K8PAN,0YBUl,DVBU2,0VBLt,DY§L2,ALPHA,DEL,MB, 
U  6AM,KCAP(NDH,TITLE(8),DOUB,IWIN6.ZSPAN,NKPRT,KPRT(20) 

AIRFOIL UPPER SURFACE SLOPE DISTRIBUTION 
FUP«-a,«(X»-,5) 

DOUB 18 THE DOUBLET STRENGTH DUE TO THICKNESS 
0OU8«l,333333333*ZSPAN 
RETURN 
END 
SUBROUTINE   GAMFltN 
REAL KCAP,Me,lwiMG 
COMMON /DELTA/ DX(<IO),DY(«0),DZ(20),AXl(a6),AX2(«0),BXl(aO), 

1 Bx2(ao),CX(aO),AVl(aO),AV2(«0),A2i(20),AZ2(20),X(«0),YUO), 
2 Z(20),FPlJ(BOO),FPL(800),PHlUB(flOO),lM,IM|,JM,JMl,KH,KMl,JW, 
J  JWPI,JWM1,1TE,ILE,K8PAN,DVBUI,DVBU2,DYBL1,0YBL2,ALPHA,DEL,H8, 
«  GAM,KCAP,NOB,TITLE(B)iDOUB,1WING,ZSPAN,NKPRT,KPRT(20) 
COMMON /GAMMA/ GAMTE1(20),CAMTE(20),PGFF#GAMFF(20) 
DO 10 I«1,K8PAN 

GAMFF(I)«GAMTE1(I)*P6FF»(GAMTE(1)-GAHTEI(I)) 
GAMTE1(I)«6AMTE(I) 
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10 CONTIMJE 

END 
JUMOUTIME mT4L 

COMMON /OfLTA/ ftw//i«. Ä 

10 CONTIMIJE  11#X(I> 
£0 20 1«I.JM1 

«0 CONTZMUE      " 
00 SO XBlfKMl 

«0 COMTIMUE 

JO SO I«2,jMl 

JJ *0 1-2,KMl 

•0 CONTIMUE  ,M,,»««n 
TO CONTIMUE 

Ina 
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A(«0),B(aO),C(«0),0(40),PHI(11500) 
GAMTei(?0),GAMTe(20),P6FF,G4MFF(20) 

COMMON /COEFF/ 
COMMON /GAMMA/ 
KSPANlBKSPAN-l 
DO 10 K«1,KSPAN,KSPAN1 

PART».5*((X(ITC*n-li)*(GAMFF(K).CAMTE(K))/(X(IMl).i,)>GAMTE(K)) MP«1M*JM*(K»1) 
IJK»MP*ITE*JM*JW 
PHI(IJK)»PMI(IJK).PAPT 
L»MP*(ILE-2)*JM*JW 
LP«(ILE-2)*«M*(< 
PHItjB(LP)«PHI(L) 
LP»ITE*KM*K 
PHIU§(LP)»PHI(IJK)*2t*P4RT 

COMPUTE CP LOWER (A) AND CP UPPER 
00 20 ItXLlftTi 
L«MP*(I»1)*JM*JW 
LP«(!-1)*KM*K 
Ad) 
8(1 

1  PHIUB(LP»KM))) 
20 CONTINUE 

PHI(IJK)«PHI(IJK)»PART 
WRITE (6,901) NITERG,K 

(B) 

)»-2,*(AXl(I)«(PHI(L*JM)-PMI(L))*AX2(l)*(PHI(L)-PHI(L.JM))) 
)«-2.*(AX1(I)*(PMII)B(LP»KM)-PHIUB(LP))*A)(2(I)*(PHIUB(LP)- 

10 
«01 

WRITE (6,902) 
WRITE (6.903) 
WRITE (6,902) 
CONTINUE 
FORMAT (1H ,/,♦ 

(B(I),1«ILE,ITE) 
MITERO,« 
(A(I),I«ILE,1TE) 

1ICIENT, 
902 FORMAT 
90S FORMAT 

1ICIENT, 
RETURN 
END 
SUBROUTINE TRI (I,K) 
REAL KCAP,MB,IWIN0 

UPPER (ILE 
(10E13,5) 
(1H ,/,* AT 
LOWER (ILE 

AT ITERATION*!!« 
TO ITE) ■•) 

ITERATION*!?* 
TO ITE) ■*) 

AND K ■*I3* SCALED PRESSURE COEFF 

AND K ■*I3* SCALED PRESSURE COEFF 

10 

COMMON /CnEFF/ A(aO),B(«0),C(«0),D(«0),PMI(11500) 
MP«IM*JM*(K-1) 
DO 10 KKB3,JM1 
J«JM1«K)(*3 
P»A(J-1)/B(J) 
B(J«1)«B(J«1)«P*C(J) 
D(J»1)»D(J»1)«P*D(J) 
CONTINUE 
MaMP«(I«l)*jM 
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PH1(M*?)«DC2)/B(2) 
00  20   J«3,JM1 

20 Ä:r(j,"pH,a-n*c'j'"fi"' 
RETURM 
END 
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APPENDIX B 

FORTRAN LISTING OF TDUTRN 

A FORTRAN listing of the source deck for the TDUTRN 
program is presented in the following pages.  The program, 
as configured here, requires 161.7eK words to load and 150.O9K 
words to execute.  In this configuration the programs fit into 
small core of the CDC 7600. 

/ 
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i"nMt.rm;> "N'UT'0l'T'l"'"'""NPUT,T.l.u.ouTPuT,T»eT, 

e 
e 
e 
c 
e 
e 
e 
e 
e 

* oisc PILE 

5     ZSPAN.KCAP^PAR ^•«WfcFlwUITTFf.WT^I 

COMMON /INTERP/ 7E(25),NZE 

2  ^»T.SMALLK.IK^J^J^E^^^'^'^^'^^^PRINT.NKPPT, 
N«MELI3T /CONTPL/ ifJJJ   0^tlf»,,W 

TO START PROGRAM, 8TCADV rPHT«v »Am»   «. .. -- 

»O» K »RITTEN ON TJfST. *  '" u,,»Tt,6» »«»« »tU 

««D STtlDY SOlUTIOlg 

«AD (S) OUM  ' ■,,l,,*Ä,riiCII*"«»"^*«Mcii#eM(i?#i.|,iiiti 
«tAO (8) OUM 
L«ITES*KMS 
READ (6) 
KEAO (8) DUM 
L«|MS*JMS*KM8 
»EAO C8) CPHl8(l)fI»1.L> 

MC1«(XLES-1)*JMS*JM8 
NC2«(ITE8-n*JM8^jK8 
«C1«(ITE8-?)*JM8*JW8 
LP|«(ILE8.1)*KM8 
LP|«CITE8-1)«KM8 
LPS«(ITE8.2)*KM8 
DO 1 Kai#KSPAN8 
MpaH*(K*l) 
LBMP^MCl 

L«Jp*!;c2,,#(PHX8a)4PHIUB!,(L',)) 
L^»LP2*K 
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PH18(L1«.,5*(PHIS(LUPHIUB8(LP)) 
L«HP*MC3 
LP«LP3*K 
PHI8(L)«,5*(PHI9(L)*PH1UBSCLP)) 

1   CONTINUE 
SKaSORKKCAP) 
CPCPBB0EL**.6666666667/((lti6*M)*MII**2)**t-|3333333){3 
PPAR«l,/((l,♦GAM)*M8*»2«0EL)**,3133333333 
READ   fS.Rll)   (TITLt(n,l»l,8) 
READ   (S»CONTRL) 
IF   (ITAPE.EQ.O)   GO   TO   10 

READ   DATA   FROH   RESTART   TAPE 
READ   (9)   NlTERG,IM,IMl,JM,jMi,KM,KMj,jW,j«p1,jWMl,!TE,lLE. 

1     KSPAN,0MEG,8HALLK,DVRUl,DYBU2#0YBU,DYBL2#N0OU8,XP 
READ (9)   (KdKOym.AXKn.AXKD.BXKI),8X2(1),CK(I),1M.I") 

(Y(I)»0V(I),AVI(I),AY2(I),I«J,JM) 
(r(l)»07(I),AZl(I),4Z?(l),I«i,KH) 

(FPU(I),FPL(I),PH1UB(I),I»1,L) 
(GAMTE(n,OAMFF(I),Iil,KSPAN) 

l.L) 

TO DIFFERENT REDUCED FREOuCNCIEB 

READ (9) 
READ (9) 
L«ITE*KM 
READ (9) 
READ (9) 
L.BlM*JM*KH 
READ (9) (PHI(1),I 
DO 2 I»1,K8PAN 
6AMTEI(I)«6AMTF(1) 

2 CONTINUE 
IKaO 
READ (5,IN) 
WRITE (6.900) 
WRITE (6,901) NITERG 
NlTERGaO 
WRITE (6,913) KCAP,CPCPR 

C  THE IR OPTION 19 U8FD TO BOOTSTRAP 
C  AND/OR MODE8 OF OSCILLATION 

IF (IK.EQ.O) 60 TU 15 
0ME68SMALLK*M8*«2/((1.*GAM)*DEL*H8**2)**,6666666667 
CALL IN1TAL 
CALL FARFLD 
60 TO 15 

C  START PROBLEM PROM SCRATCH 
10 CONTINUE 

READ (5,IN) 
NlTERGaO 
NDOUBaO 

OMEGa8MALLK«M8*»2/(fl,»GAM)•DEL*Me**2)««,6666666667 
DO S lai,KSPAN 
GAMTEKDaGAMFFd) 
6AHTC(I)aGAMFF(I) 

« CONTINUE 
XHlalH-1 
JMlajM-l 
KMlaKM.l 
JWPlaJNM 
jNMlaJM.l 

C  INITIALIZE FINITE DIFFERENCE COEFFICIENTS AND FARFIELO 
CALL INITAL 
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w* mm 

FOR SUBSONIC 
IN Y 

CASE CINTERIDR ONLVi 

•ATAN(7M/V(J))) 

CALL FARFLD 
C  INITIALIZE GUESS 
C  ASSUMED SYMMETRY 

C0N»GAMFF(n/6,26il853 
00 20 KB1,KM1 
MPBIM*JM«(K-1) 
ZP«Z(K)*Z8PAN 
ZM«Z(K)-Z8PAM 
Z2»Z(K)**2 
00 JO I«2,IM1 
M«MP*(I-J)*JM 
PHI(M*Jw)«CMPLy(Otf0,) 

00 «0 JBJWPI,JM1 
L«M*J 
LL"M*jiu2-»J 
Y2«yCJ)**2 
IF fXCD.LT.l.) GO TO «1 
PHI(L)«CON*(ATAN(ZP/yCJ)) 
GO TO 42 
CONTINUE 
»■S0RT(X2*KCAP«(V2*Z2)) 

CONTiN'EON*Z9PAN*(Y(J)/(Y2lZ2n*Cl'*Xa)/R) 

CPHI«CAB8(PHI(L)) 
IF (CPHI.GT.l.) PHI(L)BPHI(L)/CPHI 
PH1(LL)«-PWI(L) 
CONTINUE 
CONTINUE 
CONTINUE 
L«ITE«KM 
CRR»CMPLXeo,,0,) 
00 4 IB1,L 
PHZUB(I)aERR 
CONTINUE 
H«CILE-2)«JN*JW 
KK«ClLE-n*KM 
00 45 Kal#KSPAN 
L»M*lM*JM*(K.t) 
PHIUB(KK*K)«PMI(L) 
CONTINUE 
CONTINUE 
0MEG2I»CMPLX(0,,2,*OMEG) 
WRITE (6,IN) 
WRITE (6,900) 
IF (ITAPE.EO.O) WRITE (6,915) KCAP,CPCPB 
KCRO'l 

«l-CYCLE POINT FOR GRIO ITERATION 
SO CONTINUE 

ERROR«CMPL)r(0#,o,) 
NITBNITERG 
NlTERGaNXTFRGM 
IF   (MOO(NITER6,NPRINT),EO.O)   CALL  PRINT(NIT) 
IP   (HO0(NITER6,NGFF),NE,0)   GO  TO  51 
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f mm 

C*LU   Mt^LO 

5     miN   LOnp   HM   A   GIVM   PI nur   ,w   K 

,     ^     I9»I8*INC»» 
•     CMtCK   FfJ»   AI»P0IL 

L™19 ceH.WMi OP» PHI 
00  201   J«2,jHi 

«01   CONTliguE 
J8«?-INCI» 

JS«JS*lNCft 

L8«»»L»*JM8 

L«LLPC9L»J»»8 

L»»L*JM 
UPL-JM 
LL'PLL-JM 
•J   ".^».2)   ILLPIL 

LAP|.*1 

LBKPL-IHJM 
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e 
c 
c 

CALCULATE V AND PMlX* FHOH STEADY SOLUTION 

PH!8(L8L)) 

SOI 

e 
e 
e 

VV*KCAF«AxtS(IS)*(PHTS(L9R)*PHIS(L8))«AX2S(IS)*(PMlJ)(LS)« 
1  PHISCLSD) 
VVSaVV 
IF (VV.LT.O.) GO TO SOI 

ELLIPTIC 
OHE6A(J)aOHE6AE 
PMlxxaBXl8(18)*(PHIS{LSP)-PHI9(LS))«BX2S(IS)*(PHIS(LS) 
CO TO S02 
CONTINUE 
OHEGA(J)BOME6AP 
IF (V(J),CT,0,) GO TO 303 

HVPEPBOLIC 
0HE6A(J)BQMe6AH 
VV«KCAP.CX8(18-1)*(PHIS(LS)-PHIS(LSL))"CX8(IS*2)*(PHI8(LSL) 

1  PMI8(LSLL)) 
SOS CONTINUE 
PAMABOLIC 

PHIXX«BXlS(IS-l)*(PHIS(L8)-PHI8(LSL))-BX2S(IS-l)*(PHIS(LSD 
I  PHIS(LSLL)) 

sea CONTINUE 
V(J)aVVS 
TPHIP«PHI(LR) 
TPHIL«PHI(LL) 
TPHILL»PHI(LLL) 
TPHIBKaPHKLBK) 
IP (IPOIL.EQ.O.OR.J.NE.JH) 60 TO SO« 

(I.EQ.ILE-D PMl(LP)«,S*(PMluB((lLE«l)*t<M*K)*pHl(L»)) 
PHI(LL)atS*(PHlUB((ITE-l)*KM«K)*PHl(LL)) 
PHl(LLL)a,5*(PHlU»((ITE«2)*KM*Kj*PHI(LLL)) 
PHl(LLL)a,5*(PHlUS((ITE-l)*KM*K)*PHI(LLL)) 

CONTINUE 
IP (ILE.LE.I.ANO.I.LE.ITE.AND.J.EQ.JM.AND.K.EO.KSPAN«!) 

1  PHl(LBK)a,9*(PHlUH((I*l)*KH«K8PAN)«PHl(LBK)) 
SET UP TRI0IA60NAL MATRIX TO SOLVE FOR PHl(IrJfK) 
A * PHKI.JMiK) ♦ B * PMI(I(J(K) ♦ C * PHI(ItJ-i,K) a 0 

IP (IPL*8.CQ.ltAN0,J.EQ.jMPn 00 TO 330 
IP (IPLAQ.EO.l.AND.J.EQ.Jw) 60 TO SAO 
IP (IPLAO.EO.I.ANO.J.EQ.JMMI) 60 TO 350 
PAPTaCHPLX(0(»O,) 
IP (I.LE.lTE.OR.IFOlL.fO.O) 60 TO 305 

KUTTA CONDITION 
Sieia(X(n-l.)*(6AMFP(K).6AMTE(K))/(X(IMn.l,)*6AMTB(K) 
IP (lOPT.EO.n 9I6Ia8I6I*CEXP(CHPLX(0(»-SMALLK*(X(I)«l.))) 
IP (J.EQ.JWMI) PAHTat5*AV'(j)«8ici 
IP (J.EQ^Jw) PAPTa,S*(Avl(J)«AV?(J))*8I6I 
IF (J.EQ.JWPl) PAPTa.(S*AY2(J)*8i6I 
CONTINUE 
IP (VVS.LT.O,) 60 TO 320 

IP 
IP 
IP 
IF 

SO« 

(I.EIMTEM) 
(I.EU,ITEM) 
(I,EQ.m*2) 

SOU 

ELLIPTIC 0IFFERENCIN6 

A(J)aAVl(J) 

-85- 



-72- 

• 

C 
C 
c 

iBtiiH!nJ-!nu?lSzf!J!)*Avl(J}*AV2,J)*f0M"21*PHIX,(,'(4y2Cn- 
C(J)«AY2(J) 

IF (J.PO.JHl) |Q TO 112 
GO TO 390 

C  BOTTOM BOUNDARY 
311 CONTINUE 

0(J)»D(J)-»Y2(J)*PHI(L8) 
CO TO 190 

C  TOP BOUNDARY 
S12 CONTINUE 

D(J)«0(J)-AYt(J)»PMiaA) 
60 TO 390 

• HYPEPBOLIC   AND   PARABOLIC   DIFFERENCING       •**•*———•• 

ill eolTiISt************** ***•*•""•"**••*"••*•••*•*•**•**••*•..*.*• 
A(J)«AY1(J) 

iB(J).VV*Bxi(l-n.AYl(j).AY2(J)-(OMCG2I*PHIXX)*CX(I.l).AZl(K), 

C(J)»AY2(J) 

0(J5»VV*(Bxl(I.n*PHI(LL)*BX2(I-n*(PHl(LL)-PHI(LLLn)-(OHe6>I* 

IF (J,E0,2) 6U TO 321 
IF (J.EO.JMD fir) TO 322 
GJ TO 390 

6  BOTTOM BOUNDARY 
321 CONTINUE 

D(J)"D(J)-AY2(J)«PHlfLH) 
GO TQ 390 

C  TOP BOUNDARY 
322 CONTINUE 

0(J)»D(J)-AY1(J)*PHI(LA) 
GO TO 390 

c * 
C «A************ 

AIRFOIL UPPER SURFACE BOUNDARY CONDITION 

330 CONTINUE --- — "««..>■■■,••»««, 

IF (VVB.LT.O.) GO TO 331 
ELLIPTIC 

A(J)»DYBijl 

i8()!z""5)!l«JiS!ntbx2(In*DVBU1*(OM"2I*PHI")#(*x2(Ij-*x»<^)Jt 

C(JJ«0, 

D(J)«0YBU2*FPU(N).VV*(Bxl(I)*PHl(LR)*BX2(I)»PMX(LLJ)*rOMeO2I* 

80 TO 390 
HYPERBOLIC AND 

331 CONTINUE 
A(J)«DY8U1 

PARABOLIC 
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B(J)«WV*Bxl(I-l)-C»VI!lUl-(nMEC2I*PHlXX)*CX(l»l)-A21(t<)-AZ?(K) 

0(J)»DyBU2*FPU(M)»VV*(Bxl(I-l)*PHI(LL)*BX2(l-l)*(PHl(Ll.)- 
1 PHl(LLin)-(OMfcG21*PMlXX5*(CX(I«n*PHl(LL)-CX(l-2)*(PMl(LL)» 
2 PHl(LLUn-(»ZnK)*PHl(LF)*AZ2(iO«PHI(LBt<)) 

BT   TO  190 
c   ******«««•«**»»♦***•*•*••••«*****•**•***•****•••**•*••***•*•******■*** 
C     » AIPFDIL   LOWFR   SURFACE   BnUNOAPY   CONOriON 
C  A*««****«*«***«**«*«**«********«******«***«***•*****•••******************** 

»50 CONTINUE 
IP (WS.LT.O.) GO TO 351 

C  ELLIPTIC 
A(J)BOI 
B(J)«-(0yBLl*VV*{BXl(n*BX2(in*(OMEG2I*PHlXX)*(AX2{l)-AXl(n))- 

1      AZl(K)-AZ2(K) 
C(J)*DYBL1 
0(J)«-DV8L2*FPL(N)-VV«(BXim«PHl{LP)*BX2(I)*PMI(LLm(OMEG2I* 

1 PHlXX)*(AXl(n«PHI(L«)-AX2(I)*PHI(LL))-(A2l(t<)*PHI(LPJ* 
2 AZ2(K)*PHI(LBK)) 

00  TO  390 
C     HYPERBOLIC   AND  PARABOLIC 

151   CONTINUE 
' A(J)«0, 

BCJ)«VV«Bxl(I-n-0y8Ll»(OHCG2I*PHIXX)*CX(I-n*A2l(K)-AZ2(K) 

C(J)«0YBL1 
0(J)«-0YBL2*PPL(N)*VV*(BXl(I-l)*PHI(LU)*BX2(I-n«(PMl(LL)- 

1 PHI(LLL)))-(OMEG?I*PMIXX)«tCXtI-1)«PHI(LL)-CX(1-2)*(PHI(LLJ- 
2 PHl(LLL)))-(*Zl(K)*PHiaP)*AZ2(K)*PHl(LBK)) 

00 TO 390 
l C  BODY BOUNDARY JaJM 

140 CONTINUE 
*(J)aO( 
B(J)sCMPLX(l,,0.) 
C(J)BO. 
0(J)"PNI(L) 

1*0 CONTINUE 
J PH1(LR)«TPMIR 

PHI(LL)«TPHIL 
PHI(LLL)"TPMILL 
PHI(LB»<)"TPHIBK 
IF (lOPT.EO.O) 60 TO 300 
IF (IFLAG,M,l,AND,JtE0,JiO 60 TO 300 
B(J)aB(J)48MALLK*0ME6 

300 CONTINUE 
C  TRIDIA60NAL MATRIX IS BET NOW SOLVE FOR COLUMN OF PHI 

CALL TRKI.tO 
6  «L*X PHI, FIND ERROR AND MOVE TO NEXT COLUMN 

DO 395 JB2IJM1 

ERRaOMEGA(J)«(PHl(L)»PHt06(J)) 
PHI(L)BPMIOG(J)*tRR 
IF (CAB8(ERR).LT,CAH8(ERROR)) GO TO 395 
ERRORaERR 
LERRORBL 

1*5 CONTINUE 
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too 
100 

101 

tf   (IFLAG.NE.l) 60 TO 200 

»MI(l.)»PMI(L-n*DV(J»(Ml)#(PHI(U-n-»»HI(L-?)WDvfJw.3> 

1^ d.eO.ITE) CAMTE(K)«PHIUB(M)-PM1(L)   "»/WTWW" 
CONTINUE 
CONTIMUE 

MINT OUT ERROR A^TFR FACH GRID SWEEP 
WRITE (*.R05) NITERC,ERROR,LERROR 
If   {CABS(ERR),LT,10f) GO TO m 
WRITE (6,912) 
STOP 
CONTINUE 
IDOUBaO 
IF CCABStERRORJ.LE.tPSGROCKGRO)) GO TO «00 
IP (NITERG.EQ.NGRIDJ GO TP «10 
IP (MOO(NITER6,N0UMP)tE0,0) GO TO «l« 
80 TO 50 

«00 CONTINUE 
KGRDaKGRDM 
IDOUBal 
60 TO 410 

«01 CONTINUE 
CALL GAMPUN 
WRITE (6,910) 
CALL PPRINT 
WRITE (6,900) 
WRITE (6,906) 
CALL DOUBLE 
WRITE (6,91«) 

(6,902) 
(6,903) 
(6,90«) 
(6,903) 
(6,919) 
(6,903) 
SO 

NITER6,6AMTE(l),GAMPP(l),GAMTE(K9PAN),GANFP(K9PAN) 

NITERG 

IM,JM,JW,KM,ILE,ITE,KSPAN 

(X(I),Ial,IN) 

(Y(I),I«1,JM) 

(Z(I),I«1,KM) 

«10 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
60 TO 
CONTINUE 

(2(I),DZ(I),AZl(I),AZ2(I),I»l,KM) 

(FPU(I),PPL(I>,PHIUB(I),I«1,L) 
(6AMTE(l),GAMPP(I),i.l#KSPAN) 

WRITE (7) 
WRITE (7) 
LStTlRKN 
WRITE (7) 
WRITE (7) 
LalM*JM«KM 
WRITE (7) (PHI(I),IH,L) 
INO FILE 7 
WRITE (6,907) N1TER6 
CALL PRINT(NITERG) 
IF (KGRO.GT.KEPS) GO TO «20 
IP (NITERG,E0,N6RI0) GO TO «SO 
IP (IDOUB.Efl.l) GO TO «01 
60 TO 50 
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«26 CnMTlNüt 
WH1TC («i^O«^ NITfUR 
GO TO «SO 

UJO COMTINUE 

FOBMAT (INI) 
«01 
«02 
• OS 
90« 
905 

FüfiMAT (IM 
FflKMAT (1H 
FORMAT 
FORMAT 
FORMAT fi« 
ICCUBRED AT 

90b FORMAT (IM 
1  IS1 

907 FORMAT (IN 
90» FORMAT (1* 

IATI0N«15) 
909 FORMAT (1H 

IE 19 BEING 
910 FHRMAT (IH 

/,* CA3t TS BEING 
,/,♦ )r(I),l«l.IW*) 

(lO^lJ.?) 
(IM ,/,* Y(n»l«i,JM*) 

RtSTAHTED AT ITEBATIÜK*I5) 

t',*   AT ITFRÄTlONil!.* THE MAXIMUM ERWUR ■•2C11.5« ANy 0 

THE NUMBER OF NÜ0F8 II BEING rOUBLEO AT ITEHATIUN- 
NOOE*I5) 
/•* 

TAPf HAS BEEN OUMPtO AT ITfc«ATION*!«) 
,/,- SOLUTION HAS CONVERGED TO DESIRED ACCURACY AT ITEK 

,/,* MAXIMUM NUMBER OF ITERATIONS HAS BEEN REACHED, CAS 
TERMINATED AT ITERATION*I5) 

IPDATE 6AMFF AND FARFIELD AT ITERATION«I9,aX* GAMT 
• *2En.S,/,«««• GAMTE(»<»PAN) ««ZEn.S* 

/.* 

/»* 
lE(n ■*2tl3.5,ttX« GAMFFd) 
2GAMFF(K9RAN) •*|C|1tt) 

911 FORMAT (»AIO) 
912 FORMAT (IH ,/, 

1ATEO*) 
•|1 FORMAT (IH ,/,♦ SIMILARITY PARAMETER 

1R (CP/CP8AR^ ■•Ell,%) 
IM ■*!«• JM •*!«* JM 

SOLUTION IS DIVERGING, THE PROBLEM IS BEING TERMIN 

(K) •*E13.B,/,* SCALING FACTO 

■*Itt* KM ■*!«* ILC ■•!« 91« FORMAT (IH ,/,* 
1  * ITE ■*!«* K9PAN ■•I«) 

915 FORMAT (IH ,/,• 7(n,I«l.KM*) 
«50 CONTINUE 

CALL FPRTNT 
END 
SUBROUTINE DOUBLE mm   mmi    mmt 
COMPLEX B,D.PH1IJB,PHI,GAMTE!,0AMTE,CAMFF,FPU,FPL 

KCAP.M8 

7SPAN,KCAP,RPAR 
MMON   /COEFF/   A(«0),B(«0),C(«ni,0(«0),PHl(11500J 
IMMON   /GAMMA/   GAMTtl(2fO,GAMTE(?0),PGFF,GAMFF(203 

COM 
COM 
RETURN 
END 

COMPLEX 8,0,PHI,PHluB.FPU,FPL,6AMTEl,0AMTf,6AMrF,PI,P10,PARTI, 
l  PART10,0MK,WlNG,AMUK,-AKEIN,Gl,Ö2,CAMTE!,C0N«,C0N5 
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5      ?aPA^,KC4P.RPAR 

COMMON /^TERP/JE;«,'^«       '' ':FF'G*"f'r(ai" 

CON2»KCAP*COMl 
CCI^3»OMEG/KC*P 
AMlJ«S09T(OMEG*(CON3*SH4LLKn 
AMUK«CMPLX(0,,AMU/SK) 
BETA2ai(«M!l**2 
OMK«CMP|.x(of,,CnM3J 
JM2a2*jw 
IMJM«IM»JM 

CALCULATt PART OF WING TNTCGRAL 
on 10 i»itt#trc 

MU«(I-n*KM 
COM««CE)fP(OMK*)r(I)l 
PARTt»CMPl.X(n,,04) 
DO   20   Ka^KSPAN 

LP«MU*K 
P1»PHIUB(LP)-PHI(|B) 
IP fK.FQ.n GO rn 21 

c""i"E"T,*•9•",'•P,0'•0^(K■,, 

PlO«Pl 
CONTINUE 

21 

20 

i?,iiÄij*:0
T,
T

t5,tru'wM"'"w*'tt" 
11 

1« 

e"oNTS^T*,5*",•RT,*,'"T10)*0'(,•«» 

CONTINUE 
INTEGRATE 6AMTE 

6AMTEI«CMP|.xro,,Of) 
DO 15 K>2(K3PAN 

i»e65^"MTE,*-,*(G4MTE'«"8'"«<«-«)).M(K.,) 

HP»1MJH*KM1 
Z2»2(KM)»*? 

DO 30 I»1,IH1 
M«HP*(I-1)»JM 
X2ay(I)**2 
»Oaxd).!, 
X0?avo**2 
PM!(M»jW)«CfiPLX(0,,0.) 
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LL"M*Jw2-j 
y|«Y(J)**2 
»■KCAP*(V?tZ?) 
ltt|0IIT(VOt«ti 
8RaSQ*T(R) 
T1«(M8#B«.)(0VBETA2 
RH«9R*RPAR 
U«Tl/RH 

CALL WAKF (U,8MALLK#RH,wAKeiN) 

6J«KCAP»M8*CEKP(CMPL¥(0.,.SMALLK*Tl))/(BR*f8R.M«^0)) 

SR»8QRT(X2*KCAP*{Y2*Z2)) 

i'M8i!;i3C0Na*v(J)*(C1*S2)*C0N5#VCJ)*(l,**HUK*BR)*CEXP(w*Mu,('Bp,/ 

PMKLD^-PHKL) 
SI COMTIMUE 
SO CONTINUE 

)»2»x(i)**? 
xo»x(n-i, 
X02«X0**2 

CON««CON1«CEXP(CMPL¥(0.,-SMALLK»XO))*CAMTEI 
CON5«CON2«»»lNG*CEXP(CHPL>r(0,,CONl*X(n)) 
00  60  K«1,KM1 
MBIHJH*(K.1) 
Z2«Z(K)**2 
PHI(M*J|1(J«CMPLX(OtiO,) 
DO 61   JajMPl.JM 
L*M«J 
LL«N*JW2*J 
V2«v(J)*»2 
RB«CAP«(V2*2?. 
BRM0RT(X02*R) 
8Ra8QRT(R) 
Tl«(Ma*BRvX0)/BETA2 
RHaSR*RPAR 
U«T1/RH 
CALL   WAKE   (U,SMALLK»RH,MAKeiN) 
;i",<j;!!M8!CExP(CMPLX(0,,-8MALL»<*Tl))/(BR*(BR-M8M0)) 

BR»SQRT(X24KCAP*(v2t22)) 

^HI(L)jCnNä»V(J)*(6|*e2)*CON5*V(J)«(l,*AMU«*BR)ÄCtXP(-AMUK*BR)/ 

^MX(LL)«-PMI(L) 
61   CONTINUE 
60  CONTINUE 
XaxdM) 

IJalMi*jM 
X28X(IM)*«2 
XOaxdM),!, 
X02ax0**2 
CON«acONl*CexP(CMPLXC0,,.8NALL«<«X0M 
CON5aCON2«i-lN6«CPXP(CMPLX(0,,CON5#x(IM))) 
DO «S  Kal,KM 
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PHI(H*J.O«CHPLX(0,,0.) 

00 70 I»l,NZE 

70 CONTINUE 
NEND«N]?E 
I^LIP-O 
DO Utt J».TwPl,JM 

iJCn''J«tl,,JtOll#IHI##M.U CO TO 71 
00 72 I«1,KSPAN 
Mi)»z(n 

72 CONTINUE 
NEND>KSPAig 
IFLIP«l 

71 CONTINUE 
L«M*J 

V2»V(J)**2 
PAPTl»CNPLX(fl..O.) 
IZE*2 
00 as »(KBl.NENO 

«7 CONTINUE 
IP (MKKJ.LE.ZdZEJ) GO TO «6 
iZEalZEM 
GO TO «7 

a8 CONTINUE 
R»KCAP«(Y2*(Z(K)-A(KK))*»2) 
BRa8QRT(X02tQ) 
S0«SQHT(R) 
Tl»(Mi«8R.)ro)/BETA2 
RHa8R*RPAR 
U»T1/PH 
CALL W*KE (U,8MALLK,«M,WA*EIN) 

XP (KX.EQ.l) GO TO a<i 

^cXTl^^TU•'*(plfpl^)•(AcKK)•AcKK•lJ, 
PlOaPl 

«9 CONTINUE 

«« CONTlN(iE 
«5 CONTINUE 
y«V(l) ANO V«V(.JH) 

JBJM 
V2«Y(J)»*2 
00 SS K«1#KM1 
HPalMJMA(K«l) 
Z2aZ(K)**2 
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DO 5«  tatflMi 

L«M*J 

CONa«CnNl*CExP(CMPLx(0,f.8MALLK«yon*GAMTFl 

8R»SQBT(R) 
Tl»(M8*8P-)rO>/BeTA? 
RHiSR*RPAR 
U»T1/HM 

CALL WAKE CU,SMALLK,RH#WAKfIlM) 

8R«9QRT(X2*KCAP*(V2*z?)) 

iRHI(L,.C0.a.y(J).cGl*52j.C0N5.yCJ,.(I.MHUK.BR).cCXP(.A.L(K*8R,/ 

RHi(LL)«-PHirL) 
Sfl CO^TINUF 
9S CONTINUE 

RETURN 
END 
SUBROUTINF FPRIigT 

CPOEL»CPCPB/OEL 
WRITE (6,900) 

(TITLEd),!.!,«) 
H8 
KCAP 
DEL 
ALPHA 
8MALLK 
0HE6 
XP 
Z8PAM 
CPCP8 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

(*»Ron 
(6#902) 
(6,903) 
(6,904) 
(6,905) 
(6,906) 
(6,907) 
(6,908) 
(6,909) 
(6»910) 
(6,9M) 
(6,912) 

CLirT«CMPLX(Of,Ot) 
CMOM«CMPi.X(0,,0,) 

(>»(n»I«lLE,lTE) 
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DO IQ Kal.KSPAN 

PART«.5*((X( Ite* n-l,)*(CAMFF(K)-GAMTE(H))/()((IMl).i,j»CAMTe(K)) 
IF (lüPT.EQ.n PART«PAHT*CEXP(CMPLX(ftt#-ÄMALLK*(X{lTf*l).t.))) HPaIM»JM*(K.l) 
IJK«MP*lTF.*JW*Jw 
PHI (IJK) «PHI (UK)-PART 
L«HP*tlLE-2)*JHtJ1K 
LP"(ILE-?)*KM*K 
PH!UB(LP)«PHI(L) 
LP»ITE*KH*K 

PM1LIB(LP)«PHI(IJK)*2,*PART 
On 20 I«lLE,ITt 
H«MP*(I«1)*JM 

LP«(I-1)*KM*K 
B(I)«-?,*(AXl(n*(PMI(L*JM)-PHlCL))*AX2(I)t(PHl(L)-PHl(L-JM)))« 

1  CPOEL, 

D(I)»-2,*(Axi(I)»(PHluB(LP<KM)-PHlUB(LP))*AX?(n«(PMluB(LP)- 
!  PMluB(LP-KH)))*CPOEL 
IF (inPT.EO.O) CO TO 24 
C1«CMPLX(0,,2,*SMALLK)*CP0EL 
B(n«B(I).Cl*PHI(L) 
D(l)«0(n-C1*PMIUBCLP) 

2« CONTINUE 
IF (^.GT.l) SO TO 21 
BKDBBd) 
Dl(n*D(I) 

21 CONTINUE 
ClaB(n*D(I) 
C2»ci*(x(n-xp) 
1^ (I.GT.ILE) 60 TO 22 
CL«C1*X(1LE) 
CM«,5*C2*X(ILE) 
60 TO 25 

22 CONTINUE 
CL«CL*.5*(C1*C10)*DX(I-1) 
CM«CM*,5*(C2*C2O)*0X(I-l) 

2i CONTINUE 
ClOsCl 
C20«C2 

20 CONTINUE 
PHI(IJK)«PWI(IJK)»PART 
IF (K.EQ.l) GO TO 11 
CLIFT«CLIFT*,S*(C|>C1.0)*0Z(K-I) 
CNOMiCMnM+.s^ccH^CMrjjÄDztK-l) 

11   CONTINUE 
CLO«CL 
CMO«CM 
DO   12   N«1,NKPHT 
IF   («PBT(N>,Nt,K)   SO  TO  12 
6AMPRT»2,*6AHTE(K)•CPOEL 
WRITE   (6,913)   Z(K),6AMPRT 
WRITE   (6,914) 
WRITE   (6,915)   (0(I),T«1LE,ITE) 
WRITE   (6,916) 
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WRITE (6,«MS) 
GO TO 10 

12 CONTlNUt 
10 CONTINUE 

WRITE C6,<>n9) 

(B(nfI«lLF.,ITE) 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

30 

55 

40 

45 

900 
•01 
R02 
• Oi 
904 
905 
906 
907 
909 
909 
910 
911 
912 
911 

(TTTLE(I),I»l,8) 
M8 
KCAP 
DFL 
Al PHA 
SMALLK 
OMEG 
yp 
7SPAN 
CPCPB 

WRITE 
WHITE 
WRITE 
CO TO 

WRITE 
WRITE 
WHITE 
GO TO 

CLlFT,CMOM 

Z(1)»GAHHHT 

CLIFT^MQM 
7(1),GAMPRT 

(0,901) 
(6,9021 
(6,903) 
(6,<»o<n 
(6,005) 
(6,906) 
(6,907) 
(6,908) 
(6,R09) 
(6,910) 

CAMPHT«?f«GAHTE(l)»CPf)tL 
GO TO (30,55,40),ITVPE 
CONTINUE 
WRITE (6,917) 

(6,916) 
(6,913) 
(6,919) 
as 

CONTINUE 
WHITE (6,920) 

(6,916) 
(6,913) 
(6,921) 
as 

CONTINUE 
WRITE (6,922) 
WRITE (6,918) 
WHITE (6,913) 
WHITE (6,923) 
CONTINUE 
WRITE (6,911) 

(6,912) 
(6,9ia) 
(6,915) 
(6,916) 
(6,9tS) 
nun 
(30¥,eA10) 
(1M ,/,lH ,/,♦ MACH NUMtCi «»EntS) 
(♦ SIMILARITY PARAMETER ««EHtS) 
(♦ THICKNESS PATIO «*E13,5) 
(* AIRFOIL ANGLE OF ATTACK (RADIANS) »^EU.S) 
(♦ REDUCED FREQUENCV (BASED ON CHORD) «»En.S) 
(* SCALED FREQUENCY (OMEGA) ■•CSS«i) 
(• RITCH AXIS (XP) ■•E13,5) 
(• WING ASPECT RATIO «*E13,5) 
(• CP SCALING FACTOR (CP/CPBAR) ■«EIS.S) 
(IH ,/,1H ,/,3¥*AlRFOlL STREAMwISE COORDINATE«) 

WHITE 
WRITE 
WRITE 
WRITE 
WRITE 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORHAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

CLlFT,CMOM 
7(l),GAMPRT 

(X(I),I«ILE,1TE) 

(D1(T),T«ILE,ITE) 

(B1(I),I«ILE,ITE) 

(3¥El3,5,lSXE13,Sf13XE13.S,13XF13,5#15XE13,5) 
(IH ,/flH ,/#15X*AlRFOIL SPANW18E COORDINATE ■*C15,5 
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I  *  MCTI^ L!" COCFFlCItMT •*2tl3,5) 
«i4 FORMAT (IM ,/,\H   ,/,3x««l»Fn:L PWfSSUWE C0EFFIC1C^'S. UPPt« ■•) 
«IS FOBMAT (IXtOCtS«tJ 
«Ifc FHHUT (1« ,/,1H ,/, jM«*H»FnlL P»ES8URC COEFF ICICwts, L^WER ••) 
*1T FORMAT (in ,/,tM ,/,• U^»TC»DV FHRCt CHEFFICIFNTS (RlR U1IIT R1TCM 

1ANCLC IM RiUIAMS)*) 
«18 FORMAT (1W »/ISIHIM ■•?Cn,5,/,i««HOMrNT ABOUT tVm*0)   ■«2E11.9) 
«19 FORMAT (It- ,/,lH ,/,* PRtSSl'RE COffffteitHfl nM T-4 »IRFQlL (PER UN 

UT PITCH ANGLE IN HAniAM*)*) 
«20 FORMAT (in ,/,lH ,/,* UNSTEADY FU»Ct COEFFICIENTS*) 
«21 FORMAT (IH ,/,tM ,/,• PRESSURE COFFFICIFNTS D« JME AIRFOIL«) 
«22 FORMAT (IN ,/,lH ,/,* UNSTEADY FOKCE COEFFICIENTS CER UNIT PLUN6E 

1 DISPLACEMENT NORMALIZED TO CHOH0)*J 
•21 FDHMAT («H ,/,1M ,/,« »RESSURf COEFFTCTFVTS OK   TMF ATRFOIL (PER UN 

1IT PLUNGE DISPLArEMF'JT NOWHtHB TP CWORD)*) 
RETURN 
END 
8U8RCHTINE CAMFiitg 
COMPLEX PHluB|GAMTEl,GAMTr,CAMFF#FP'j,FPt 
REAL KCAM.MR 
COMMON /OELTA/ D«(«0),r)v(«0)»OZ(«0),A)ri(aO),AX2(«0),§»l(<IO)» 

1 6v?(tt0)fC)((40),AYi(tt0),AY2(tt0)>AZl(20),AZ2(20).X(«0).Y(tt0)t 
2 Z(?0)»FPi|(800),FPL(800),PMluB(»00),IMtIMl,JM,JMl,KH,KMi#Ji,, 
5     Jt»Plf J»<MifITE,lLE»K8PAN,0YBiil,DYau2,DYBLl»0V(»L2iS,«ALLK(0MEö, 
a     N0Ol'B»CPCP«,TITLE(8),HB,nEL,ALPMA,ITYPF,IOPT.KP.N«PRT,KPRT(20), 
5       ZSPAK.KCAP.RPAH 

COMMON   /GAMMA/   6AMTFl(20),GAMTE(?0'',PGFF,r.AMFK?05 
oo ie I«I,«SPAN 
GA-FFf !)BGAMTfc1 (n*PCFF«fGAMTE(n-GAMTCl(n) 
SAMTEKHBGAMTE (I) 

io coNTiNje 
NTUiN 
END 
lUMOUTtm  INITAL 
COMPLEX   PHlu8,FPu,FPL 
REAL   »CAP,MB 
COMMON /DELTA/ DV(a0).OY(M0)»DZU0)*Akl(a0),AX2(«0)»BXl(«0)* 

1 Bx2(ttO)»CX(a0),AYl(tt0).AY2(«P).AZl(20)(AZ2(2O)rX((iO)*V(aO), 
2 Z(?fl)fFPU(800),FPL(8P0),PMl'JB(e00),IM,lMl#JM,jMl,(<M,KMl,JW, 
I     JwP1,JwMl>ITE,TLE,wSPAN>0YBUl»DYBU2iDYBll>0YliL?iSMALLK#OME6, 
a     NOOuB.CPCPB,TITLE(e),MB,DeL,ALPHA,ITYPE,IOPT»XP,NKPRT,f<PRT(»0), 
9     ZSPAN.KCAP^RPAR 

CALCULATE   OX.OY   AND   DZ 
DO   10   IH.TMI 
ox(n»«(i*i)-x(n 

10 CONTINUE 
00 20 I»l,JMi 
OYtnpY(i*n.Ycn 

20 CONTINUE 
00 JO I«l,«Ml 
oz(nRZ(i*n-z(n 

30 CONTINUE 
FINITE OIPFtRENCE COEFFICIENTS 

00 «0 IR2,IM1 
AX1(I)B0X(I-1)/(DX(I)*(DX(I*1)*0X(I))) 
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«Ö CONTINUE 
CX(l)»t5/0x(|) 
OO 50 I«2,JMI 

00 60 I«2,KMI 

JS15tJ!!,/50f(I>Ä«tti)»©ici.iin 

00 70 K-l.KSPAN 
00 80 I«lLE.m 
L«(I-l)*i<M*K 

•0 CONTINUE 
TO CONTINUE 

»ETUWN 
END 

ET^:;;;PHI,'B'PMI'R-^i.oANTE.a.H^fMU,m#PMT 
COdMON   /0ELT4/   nvriiAt   *   . 

COMMON jtxSJ;; MSfJciJI^fiÄJ;!;«!!^««^« 
JAR}0   K",',<8P^',<8P4N1 

IJfOHP^ITE.jH^J,, "•ItllJ 
'HI(IJK)«PHI(IJK).pART 
L«NP*(1LE.2)#JM4J 

LP»(ILE-2)«KMM 
^HIUB(LP)«PHI(L) 
LP«ITE*KM*K ' 
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C  COM 
PMIuBfLP)aPHlfIJK)*2,*P4RT 
PUTr CP LOWER (B) AND CP UP 
nn an 1«TLE,ITF 00 20 
L"MP*(I-n*JM*J* 
LP«(l»n*XMtK 

pfR (n) 

B( l)«-2,* (4X1(1 )«(PMT(L*JM)«PMI(L))«AX2(I)* (PHI (D- 
fif?""«2.«(*X1 (I)*(PHlijB(LPtKHJ.PHlijB(LP))*AX2(n«(P 

(0(1),I«I|.E,ITE) 
NITEPG,« 
(8(I),1»ILE,ITE) 

Dd) 
I  PMIu8(LP»KH))) 

20 CONTINUE 
PMI(IJK)»PHI(IJK)»PART 
WRITE (6,ROD NITER6,K 
WRITE (6,R02) 
WRITE (6,903) 
WRITE (*»902) 

10 CONTINUE 
«01 PORMAT (IH ,/,• AT 

1ICIENT, UPPER fILE 
R0J FORMAT (IM ,/,• AT 

1ICIENT, LOWER (ILE 
R02 PORMAT (10El3t5) 

RETURN 
END 
SUBROUTINE TRI 11,K) 
COMPLEX B,0,PMIuB,PMl,PPl),PPL,P 
REAL KCAP.M8 

PMKL-JMnj 
MIUB(LP)- 

ITERATION*I5* AND K ■•13* SCALED PRESSURE COEFP 
TO ITE) ■•) 

AND K ■•IJ* SCALED PRESSURE COEFF 
TO ITE) ■•) 
ITERATION*I5* 
TO ITE) ■•) 

5  ZSPAN,KCAP(RPAR 
COMMON /COEFF/ A(«0),B(aO),C(aO),D(<lO),PHI(ll500) 
MR«IM«JM«(K-n 
DO 10 KKSjfJMl 
JBJM1.KK43 
P«A(J-1)/B(J) 
B(J>l)aB(J.l).P*C(J) 
0(J«l)aD(J«l)«P*D(J) 

10 CONTINUE 
MSMP*(I«1)*JM 
PHI(M»2)«0(2)/B(2) 
DO 20 JaJ.JMl 
L«M»J 
PHI(L)»(0(J),PMI(L-1)«C(J))/B(J) 
CONTINUE 
RETURN 
END 
SUBROUTINE MANE (U,SMALLKfRM,MAKEIN) 
COMPLEX PARTI,PART?,PARTS^ARTR.EKRAU.CKRH.WAKEIN 
REAL URN 
DIMENSION B(12) 
DATA C /,3r2 
DATA (B(I),I 

1 •27l(OS5tt9 
2 *a,279911/ 

20 

7 
■1»12) /I.»•.2«lBfcl9fl,2,7918027,-24.991079,H1,59196, 
', JOB,7S288,«1,1B363,-5R9,9B537,6R«,78159,-328,72755, 
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CALCULATE II FO* WAKE INTEGRAL 
IF (SMALL*.EG,nf) GO TO 15 
PART2«CMPLy(0,»0,) 
PAHT3»PART2 
PARTa»HABT2 
AuaABS(U) 
9U«9QRT(l,*U**2) 
KRHB9HALLK*RH 
CKRH«CMPLX(0,,KHH) 
EKRAUaCEXR(CHPLxrO,»«KRH*AU)) 
PAPT1«-AU*FKRAU/8U 
DO 10 1«1,12 
AM«FLOAT(I-n 
PART2BPART2tB(I)«EKRAU*EXP(«C*AM*AU)/(C*AHtCKRH) 

10 CONTINUE 
IF (U.GT.O.) GO TO 30 
PART3«-PARTl 
PARTOBPART2 
00 20 Isl.t2 
AMiFLOATd-l) 
pARTtt«PARTa-3(I)/(C»AM*CKRH) 

20   CONTINUE 
30   CONTINUE 

PART2»PART?*CKRH 
PARTttB-PART4*CKRH 
WAKElNSPARTl4PAHT242.*RrAL(PART3*PAHTa) 
RETURN 

IS   CONTINUE 
WAKElN«CMPLX(l,-U/SQRT(li»U**2)»0,5 
RETURN 
END 
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